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Skills developed through STEM (Science, Technology, Engineering, and Mathematics) 
education have become essential in rapidly evolving industries. In Australia, occupations and 
jobs that require STEM knowledge and skills are expected to grow in the next years. 
However, there is a relatively low number of students undertaking STEM degrees compared 
to non-STEM degrees (Dobson, 2018). Therefore, increasing students’ participation in STEM 
education becomes and remains a national priority. 
The overarching aim of this study is to enhance students’ engagement and participation in 
STEM degrees, in particular, Computing and Engineering degrees, by gaining an in-depth 
understanding of the reasons that influence students’ enrolment decisions. 
Over the past years, extensive literary research has been conducted looking into students’ 
confidence and personal motivators (Bahar & Adiguzel, 2016), social persuasion from 
teachers and parents (Srisupawong et al., 2019; Tomaszewski et al., 2017), impacts of 
parents’ occupations (Harwell & Houston, 2012), vicarious experiences including social 
modelling and the impacts of these factors on students’ future studies  (Lamers & Mason, 
2018). However, literature exploring the effect of students’ engagements in STEM-related 
activities and programs prior to tertiary study and the impacts of these activities on 
students’ decisions to undertake STEM related degrees, has not been explored in detail. 
 The purpose of this study therefore, is first, to identify if previous exposures to STEM-
related activities are positively correlated with students’ perception of their computer 
abilities and thus, their decisions to enrol in a Computing or Engineering degree; second, 
assess other factors influencing students' study options such as, social persuasion and social 
modelling; and third, identify factors that are not essentially having a direct impact on 
VIII 
 
students’ perception but may influence students’ decisions to pursue further studies in 
Computing or Engineering degrees.  
 Based on Bandura’s Social Cognitive Theory, the main research question has been 
investigated: 
How does the previous exposure to STEM-related activities influence students’ 
Computer Self-Efficacy among Computing and Engineering students? 
 
This research applies a mixed methods approach which allows for sequential explanatory 
research through both quantitative and qualitative data collection and analysis. An online 
questionnaire was utilised to collect quantitative data from 172 first-year Computing and 
Engineering students. Obtained data was subsequently analysed and tested using the IBM 
Statistical Package for the Social Sciences (SPSS) version 25. Based on the quantitative phase 
findings  and the extended literature reviews,  a qualitative research phase was designed 
and conducted  with the aim to obtain deeper insight into participants’ experiences and to 
identify qualitative factors of the STEM engagements. Qualitative study, was conducted as a 
focus group session during which data was collected from first-year Computing and 
Engineering students. Consequently, the focus group transcripts were analysed via NVivo 
software. Following this, results from both study stages were interpreted to develop a 
stronger understanding of the research problem. 
This study found a significant difference in Computer Self-Efficacy score for Engineering 
students who participated in previous STEM-related activities and Engineering students who 
did not participate. This significant association was not found in the Computing cohort. The 
results from this study suggest that STEM-related activities and programs, especially those 
IX 
 
that run in informal learning settings, can likely increase student’s Computer Self-Efficacy 
and thus their interest to engage in future Engineering studies. Additionally, the results 
indicate that STEM-related activities which allow students to engage in hands-on tasks and 
real-life experiences tend to foster students’ interest in future Engineering study. Especially, 
when these experiences are combined with student mentoring opportunities and when 
students received immediate feedback from the workshop facilitators. 
It is expected that the results of this study will help key stakeholders (government, higher 
education institutions, schools, and businesses) make informed decisions when 
implementing, designing, or modifying future STEM activities and programs. Future works 
looking into a deeper analysis of students’ engagement with STEM-related activities and 
interest in Computing future studies is still needed. Additionally, more research is needed to 
examine the lasting impacts that exposure to STEM-related activities may have on students' 








Chapter 1: Introduction 
 
1.1 Background 
In Australia, education in the fields of of Science, Technology, Engineering, and Mathematics 
(STEM) has in the recent years attracted significant attention from industry, government, 
and the academic perspectives. For decades, the Australian government has demonstrated 
a strong commitment to ensuring that students have the STEM knowledge and skills to meet 
the demands of a constantly changing world (Education Council, 2015, 2018). Education in 
Australia is a joint responsibility between the Australian government, and its six states and 
two territories. Each state or territory is responsible for the delivery of school education 
including the establishments and the implementations of the school regulation policies, 
student assessments, course accreditations. In addition, state and territory responsibilities 
include curriculum development and implementations within the context of the Australian 
Curriculum (Department of Education and Training [DET], 2015). Furthermore, the 
Australian government, through the Department of Education and Training (DET), supports 
the national policies directions by providing coordination, funding, research and analysis 
across different areas of national education policies (DET, 2015). The school education in 
Australia is compulsory for primary and secondary education between the ages of six and 
sixteen (Year 1 to Year 9 or 10). Australian education system consists of 12 to 13 years which 
are divided as follow: 
 Primary school which is seven or eight years—Foundation Year to Year 6 in New 
South Wales, Victoria, Tasmania, the Northern Territory, and the Australian Capital 




 Secondary school which is three or four years—Years 7-10 in New South Wales, 
Victoria, Tasmania, the Northern Territory, and the Australian Capital Territory. Or 
Years 8-10 in Queensland, South Australia, and Western Australia.  
 Senior secondary school which is two years—Years 11 and 12. 
 Post-secondary education (Tertiary education) which includes higher education and 
the Vocational Education and Training (VET) (DET, 2015). 
The Australian Curriculum, Assessment and Reporting Authority (ACARA) is responsible for 
the ongoing development and reviews of the Australian Curriculum, the National 
Assessment Program (NAP), and the reporting on education in Australia (Australian 
Curriculum, Assessment and Reporting Authority [ACARA], n.d.a).  
The primary and secondary school curriculum covers studies from Foundation to Year 10. 
This curriculum’s objective is to develop learners who are confident and creative in their 
learning in school and in their life outside of school. The Foundation to year 10 curriculum is 
based on three educational elements aiming to provide students with knowledge, skills and 
understanding of eight learning areas, along with general capabilities and cross-curriculum 
priorities as detailed below (ACARA, n.d.b):  
1. Learning areas: includes eight disciplinary knowledge areas: English, Mathematics, 
Science, Health and Physical Education, Humanities and Social Sciences, The Arts, 
Technologies, and Languages. 
2. General capabilities: encompass knowledge, skills, behaviours that are developed 
and applied across the content of the above learning areas, such as, Literacy, 
Numeracy, Critical and Creative Thinking, and Information and Communication 
Technology (ICT) capabilities. 
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3. Cross- curriculum priorities: include developing knowledge, understanding, and skills 
related to the History and Cultures of Aboriginal and Torres Strait Islander peoples, 
Asia and Australia’s engagement with Asia, and /or sustainability through the 
contents of the learning areas. 
STEM literacy in primary and secondary curriculum is addressed through three key learning 
areas of Science, Technologies, and Mathematics and through general capabilities, 
particularly Numeracy, ICT, and Critical and Creative Thinking capabilities as shown in Figure 
1.1 (ACARA, 2016). There is no curriculum for Engineering. Engineering is presented across 
the learning areas of Science, Technologies, and Mathematics through a specific content 
description that focuses on Engineering principles and systems at each band in Design and 
Technologies (ACARA, 2016). English’s research (2016) points out that there is a lack of 





Figure 1.1: STEM in the Australian Curriculum 
Source: ACARA, 2016 
The senior secondary curriculum which covers years 11 and 12 offers fifteen subjects across 
the four main learning areas: English, Mathematics, Science, and Humanities and Social 
Sciences (HASS) (ACARA, n.d.c). Each state and territory is responsible for integrating the 
contents of these four learning areas into their senior secondary curriculum. For example, 
the secondary curriculum in New South Wales state consists of the four recently mentioned 
learning areas, along with five other fields of education offering subjects in Technologies, 
Creative Arts, Languages, Vocational Education and Training, and Personal Development, 
Health and Physical Education (PDHPE) (NSW Government, Education Standards Authority, 
n.d). These subjects are designed to provide students with in-depth and advanced 
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knowledge needed in their future tertiary education and employment. Students in year 11 
and year 12 take core subject (English) and a number of the electives which are different 
across states and territories. For instance, Mathematics in New south Wales, Victoria, and 
Australian Capital Territory is not compulsory in year 11 and 12. Students choice of the 
subjects is shaped by many factors including students’ performance in the subject (Marks, 
2013), the subjects offered by the school, and students’ desire to increase their university 
entrances ranking (ATAR) by sometimes choosing less challenging subjects as students 
perceive that advanced Science and Mathematics subjects may have undesirable effects on 
their ATAR score as noted by Dr Alan Finkel, Australia’s Chief Scientist (Education Council, 
2018). 
Upon the completion of year 10 studies, students are awarded Year 10 Certificate. Year 10 
Certificate allows students to either continue to year 11 and 12 studies or enter the 
Vocational Educational and Training (VET) courses. VET courses are designed with aims to 
prepare students with skills needed for their future work. VET courses vary in duration and 
typically range from six months to two years. Students can choose from wide range of VET 
courses covering different areas such as Business and Leadership, Finance, Sales, 
Information Communication Technology, and Engineering.  
The final year (year 12) qualification is known as the Senior Secondary Certificate of 
Education (Year 12 award), this award enables students to continue their post-secondary 
education in higher education institutions. In post-secondary education, students can 
choose to enrol from the following twelve broad fields of education as defined by the 
Australian Standard Classification of Education (ASCED): Information Technology, 
Engineering and Related Technologies, Architecture and Building, Agriculture Environmental 
and Related Studies, Health, Education, Management and Commerce, Society and Culture, 
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Creative Arts, Food Hospitality and Personal Services, Mixed Field Programmes, and Natural 
and Physical Sciences (Australian Bureau of Statistics, 2001). The 12 broad fields of 
education are subdivided into 71 narrow fields of education and 356 detailed fields of 
education (Australian Bureau of Statistics, 2001). For instance, the broad field of education 
Information Technology is subdivided into three narrow fields: Computer Science, 
Information Systems, and Other Information Technology. The previous three narrow fields 
are subdivided into 18 detailed fields. For instance, the narrow field of education, 
Information Systems is subdivided into five detailed fields of education:  Conceptual 
Modelling, Database Management, Systems Analysis and Design, Decision Support Systems, 
and Information Systems. In the context of Australian higher education, STEM degrees cover 
the broad fields of the Natural and Physical Sciences, which include Mathematics, 
Information Technology, Engineering and Related Technologies, and Agriculture 
Environmental and Related Studies (Dobson, 2018). Appendix A presented the broad, 
narrow, and detailed fields of education for Information Technology, and Engineering and 
Related Technologies (Australian Bureau of Statistics, 2001). 
Looking at the University enrolments across Australia in Information Technology, and 
Engineering and Related Technologies between 2002 and 2015, it can be seen from Figure 
1.2 that while enrolments in Engineering courses increased by 73%, the enrolments in IT 
courses have declined significantly by 23% (Dobson, 2018). Nonetheless, it is pleasing to 
note that over the three years (2015-2018) more students have chosen Information 
Technology as a study option for their higher education, however, this increment in 





This growing concern and interest in STEM education is likely attributed to two main 
reasons. Firstly, STEM education focuses on the knowledge needed to develop workforce 
skills which is required to solve real-world challenges (Australian Industry Group [AIG], 2015; 
Timms et al., 2018). These skills are not related directly to the individual technical skills or 
personal attributes (Deloitte Access Economics, 2017), but are linked to inquiry- based 
pedagogy such as: creativity, problem solving, critical thinking, collaboration, and logic 
competencies skills (Education Council, 2015). While these skills have no common definition, 
and different terminologies are often used to highlight the different components of these 
skills, they are often referred to as: 21st Century skills, soft skills, employability skills, or 
general capabilities skills (Deloitte Access Economics, 2017; Timms et al., 2018). 
Furthermore, the introduction of new technologies in the workplaces, such as the 
automation and the artificial intelligence have accelerated the needs for the 21st Century 
skills. In fact, technology professions are now readily requiring intense soft skills including 
communication skills, emotional judgment, problem-solving and digital literacy skills and it is 
predicted that these skills will continue to account as critical for two-thirds of all jobs by 
2030 compared to half of all jobs in 2000 (Deloitte Access Economics, 2017). STEM 
education today, is playing a major role in developing these inquiry- based skills which are 
required in workforce. To illustrate, an employer survey conducted by Deloitte Access 
Economics in 2014 showed that over 82% of respondents agreed that people with STEM 
qualifications are valuable to the workplace, even when qualification in the STEM field is not 
a prerequisite for the role. Survey results showed that employers are particularly looking for 
employees with capabilities in active learning, critical thinking, complex problem-solving, 
and creative problem-solving, all of which are closely related to the skills gained from 
studying STEM majors (Deloitte Access Economics, 2014).  
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Secondly, STEM education and skills are needed to maintain national productivity and 
international competitiveness (AIG, 2013), especially as strong employment growth is 
expected in STEM occupations across different industries (Department of Jobs and Small 
Business [DJSB], 2019). To illustrate, a recent report by the Department of Jobs and Small 
Business (2019) showed that over the next five years, Construction and Professional, and 
Scientific and Technical Services industries will be one of the five largest growing industries 
in Australia. Within these industries professionals such as: Construction Managers, Software 
and Application Programmers, Graphic and Web Designers, and Illustrators are seen to be 
among the top five occupations in demand (DJSB, 2019). These occupations often require 
graduates with STEM knowledge and skills from both tertiary education and VET sectors and 
many often come from the Engineering and Technology based certificates, diplomas and 
degrees. Furthermore, a recent detailed examination of the Australian Digital Workforce 
Trends report produced by Deloitte Access Economics (2020) for the Australian Computer 
Society (ACS), reported that Australia's technology workforce has grown at an average rate 
of over 5% per year from 2015 to 2019 and has reached over three-quarter of a million 
(772,175) workers in 2019. It was however also noticed that, due to the COVID-19 health 
crisis, a disruption in growth happened in 2020 and is likely to continue in 2021 (Deloitte 
Access Economics, 2020). Nonetheless, Deloitte Access Economics (2020) predicted that the 
technology workforce will return to historic growth at 3.1 % on an average for the next five 
years. They also expect that by 2027 Australia will have over one million technology 
workers, highlighting the importance of STEM skills to the prosperity of economies and the 
values of the transferable skills (Office of the Chief Scientist, 2016). Therefore, it is 
important to ensure that the number of STEM graduates continues to meet the job market 
demand in the future.  
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1.2  Problem Statement  
It was noted that the Australian Government recognises the importance of increasing STEM 
qualified population so it can meet the rapid growth of STEM related job roles. Australia’s 
Chief Scientist and Australian Industry Group highlighted the need for STEM qualified 
Australians (AIG, 2013; Office of the Chief Scientist, 2016). The Australian Industry Group 
reported: 
“Australia’s productivity and competitiveness is under immense 
pressure. A key way to meet the emerging challenge of developing 
an economy for the 21st Century is to grow our national skills 
base – particularly the Science, Technology, Engineering and 
Mathematics (STEM) skills of our school leavers. Our relative 
decline of STEM skills is holding back our national economy and 
causing real frustration for employers”. (AIG, 2013, Executive summary, para.1).    
To increase students’ interest in STEM subjects and to cultivate STEM literacy many 
initiatives, policies, and plans have been announced by the Australian National Science 
Statement, the National STEM Education Agenda, and the National Innovation and Science 
Agenda (Commonwealth of Australia, 2015, 2017; Education Council, 2015) over the past 
years. More recently, the Australian Government has set $27.3 million over the next five 
years starting from 2020-2021 to support STEM learning for young students through a set of 
programs including the Australian Academy of Science’s STEM programs, the Smith Family’s 
Let’s Count program, CSIRO’s STEM Professionals in Schools, Froebel Australia’s Little 
Scientists, and the Early Learning STEM Australia (ELSA) program delivered by the University 
of Canberra (Australian Government Department of Education, 2020). 
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In addition, recent Australian Government policies and strategies have promoted STEM 
education initiatives (Commonwealth of Australia, 2017; Education Council, 2015, 2018) 
which are often demonstrated by providing extra-curricular activities and experiences. 
These initiatives are varying in scope, type, and scale. While some initiatives provide 
thousands of students with educational resources, others seek to involve and inspire 
hundreds of students to pursue their studies in the STEM fields. As a result, the desired 
outcomes can also vary, from initiatives that directly aim to improve students' skills in 
Science, Technology, Engineering, and Mathematics (STEM), to other initiatives aimed at 
increasing student interest or broadening their aspirations, or a combination of the three 
(Education Council, 2019). Some of the initiatives that focus on students, teachers, and 
curriculum are listed below in Table 1.1 (Timms et al., 2018). 
Students Teachers Curriculum 
• Pathways in Technology (PTECH) 
A pilot providing secondary students 
with an industry supported pathway to 
a STEM-related VET qualification. 
• Summer schools for STEM students 
and national competitions, ICT Summer 
Schools initiative (digIT), and 
Curious Minds 
• Improved career and post school 
advice in collaboration with industry 
• At least one maths or science subject 
as a prerequisite for an Australian 
Tertiary Admission Rank (ATAR)  
• reSolve: Mathematics by 
Inquiry project (Australian 
Academy of Science in 
collaboration with the 
Australian Association of 
Mathematics Teachers) 
developing mathematics 
curriculum resources focusing 
on inquiry 
• CSER Digital Technologies 
Education programs (The 
University of Adelaide) 
• Let’s Count Maths program 
for parents and early years 
Educators 
• Digital literacy school grants  
• Primary Connections and 
Science by Doing programs 
• Early Learning STEM Australia 
(ELSA) pilot of app-based STEM 
• Digital technologies 
curriculum and computer 
coding 
• Australian Digital 
Technologies Challenges for 
Year 5 and 7 
 
Table 1.1: Some of Australian STEM education initiatives 
Source: Timms et al. (2018) 
Moreover, many partnerships between the government, the education sector, and industry 
sector have been developed over the past decade to cultivate STEM literacy. For instance, 
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the Australian Government is investing 5.1 million to pilot the Pathways in Technology (P-
TECH) program (DET, n.d). The first two P-TECH sites started in Geelong and Ballarat in 
Victoria in 2016, with 14 additional P-TECH sites being created across Australia (Education 
Council, 2018).  P-TECH is a partner program between schools, industry, and educational 
institutions such as TAFE and universities aiming to provide secondary school students with 
a better understanding of the relationship between the subject’s content and real-life 
applications by offering workplace visits, mentoring, support, and continuous guidance for 
students during their study at school to prepare them for the future work requirements 
(Education Council, 2018). Hence, secondary school students can achieve a relevant STEM 
diploma, advanced diploma, or an associate degree as a part of their Senior Secondary 
Certificate of Education (DET, n.d).    
Moreover, the widespread concern about Australia’s performance and participation in STEM 
disciplines led to the development of a ten-year National STEM School Education Strategy 
2016–2026 which was endorsed by the Australian education ministers (Education Council, 
2015). The rationale was that “a renewed national focus on STEM in school education is 
critical to ensuring that all young Australians are equipped with the necessary STEM skills 
and knowledge that they will need to succeed” (Education Council, 2015, p.3). The strategy 
outlines five areas for action in STEM education around Australia: 
1.    Increasing student STEM ability, engagement, participation, and aspiration 
2.    Increasing teacher capacity and STEM teaching quality 
3.    Supporting STEM education opportunities within school systems 
4.    Facilitating effective partnerships with tertiary education providers, business and      




5.    Building a strong evidence base to improve our understanding of what works       
       best in Australian contexts 
To summarise, students’ participation in STEM degrees is not balanced with the rapid 
growth of STEM occupations (AIG, 2015). However, despite hundreds of STEM initiatives 
and programs that run inside or outside schools in Australia to increase the students' 
participation and interest in STEM, there is no evidence of whether these initiatives and 
programs have a good impact and effect in encouraging and facilitating students' 
participation in STEM (Education Council, 2018). Therefore, assessing the effectiveness and 
the impact of STEM initiatives and programs that run inside and outside the schools is 
important to provide significant knowledge for all parties, such as educators, industry 
authorities, and policymakers to understand what works best for the current and future 
students and what can be done in order to increase students’ interest and engagement in 
STEM studies in the future. Indeed, in their literature and policy reviews of the government 
and business reports on STEM learning, Timms et al. (2018) acknowledged several STEM 
policy initiatives that have been announced across Australia in recent times and have noted 
that there is very limited observational literature available to assess the effectiveness of 
these initiatives and programs which in turn formed the early motivations for this study. 
1.3  Research Objectives  
The interest that students develop towards STEM often becomes an incentive for them to 
pursue a future subject or a career in Science, Technology, Engineering, or Mathematics 
(Buxton, 2001). Considering, over the past years, scholars have investigated the factors that 
are likely to increase students’ interests to pursue further studies in STEM fields as well as 
the factors that may influence students’ decisions to enrol in STEM related degrees. 
Extensive literary research has been conducted regarding but not limited to confidence and 
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personal motivators (Bahar & Adiguzel, 2016; YouthInsight, 2019), social persuasion from 
teachers and parents (Dawes et al., 2015; Harwell & Houston, 2012; Srisupawong et al., 
2019; Tomaszewski et al., 2017), parent’s occupation (Harwell & Houston, 2012), vicarious 
experiences including social modelling (Goh et al., 2007; Lamers & Mason, 2018; Moos & 
Azevedo, 2009; Zeldin & Pajares, 2000). Additionally, researchers have acknowledged the 
influence participations in STEM-related activities may have on students’ future study 
choices (Dawes et al., 2015; Fantz et al, 2011; Oo et al., 2018; Sahin et al., 2014). However, 
there has been relatively little literature published on the effects of students’ engagement 
in STEM-related activities and programs prior to them undertaking tertiary studies and the 
effects of these activities on their consequent decisions to undertake STEM related degrees, 
particularly in the Australian context.  
Therefore, the objectives of this study were, first, to identify if previous exposures to STEM- 
related activities are positively correlated with students’ perception and decisions to enrol 
in a Computing or Engineering degree; second, assess other factors influencing students' 
study options such as the effects of social persuasion, and vicarious experiences; and third, 
attempt to identify other factors that are not necessarily having a direct impact on students’ 
perception but may influence students’ decision to pursue further studies in Computing or 
Engineering degrees.  
It is worth mentioning that this study does not object to investigate a specific initiative or 
program but rather the STEM-related activities and programs that students often engaged 
in before enrolling to university, such as, coding camps, extra-curricular STEM classes, 
company visits, and STEM-related competitions and fairs. 
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1.4  Research Significance 
The main aim of this study is to enhance students’ engagement and participation in STEM 
degrees, in particular, Computing and Engineering degrees. The findings are expected to 
directly contribute to understanding of the reasons that impact Australian students in 
making the decision to study Computing or Engineering after high school. It is moreover 
expected that data from this study will provide insights into students' participation in STEM-
related activities and programs that students’ tend to join prior to enrolling to university 
many of which operate as formal or informal learning engagements such as: extra-curricular 
STEM classes, multi-day programs, working in Computing or Engineering environments, 
company visits, STEM-related competitions, and single-day field trips. Nonetheless, it is 
expected that the results of this study will help to provide key stakeholders (government, 
higher education institutions, schools, and industry) with information about the 
characteristics of STEM-related activities that have effect on students’ study decisions and 
thus their interests and willingness to participate in STEM study in the future. Data from this 
study will further help decision makers and stakeholders make informed decisions when 
designing, implementing or modifying future STEM-related activities and programs for the 
high school students. 
1.5  Thesis Structure 
This thesis is structured over five distinct chapters as follows: 
 Chapter 1 (Introduction) provides an overview of the research study and discusses the 
development of the research problem and objectives. 
 Chapter 2 (Literature Review and Theoretical Frameworks) provides a detailed literature 
review on the research topic and explains the theoretical framework adopted for this 
study. This chapter also reviews previous studies’ findings which are relevant to factors 
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that influence students’ decisions and their selections of the field they would like to 
undertake their further studies in. 
 Chapter 3 (Research Design and Methodology) provides a detailed discussion on the 
research methods, as well as elaborates on the rationale for selecting the mixed 
methods approach. A detailed description of the procedures used in data collection and 
analysis in both quantitative and qualitative stages of the research process is explained.    
 Chapter 4 (Research Findings and Discussion) depicts the research data results and 
elaborates on data which was collected from the first-year Computing and Engineering 
students. This chapter also provides an interpretation of the results which were 
gathered from both quantitative and qualitative research stages. The chapter provides a 
detailed discussion on the main findings of the study.  
 Chapter 5 (Conclusion, Future Research, and Limitations) presents a conclusion remarks, 
and elaborates upon research significance and opportunities for further studies.   
This introductory chapter sets the scene for this Master study, by providing an overview of 
the Australian education system and curriculum structure in different stages of the 
education, STEM enrolment status across Australia, the most demand required workforce 
skills, and the employment growth expectation for the future. Following this, the research 
problem and the study objectives are outlined, research significance is discussed, before the 
chapter concludes with a brief summary of the thesis structure. The next chapter provides a 
literature review and discusses some of the selected studies’ findings particularly focusing 
on the most influential factors that affect students’ decision to enrol in STEM degrees, 





 Literature Review and Theoretical Frameworks 
 
2.1 Introduction 
STEM education plays a critical role in ensuring that Australian businesses have the skilled 
workforce to meet the demands of the rapidly changing world. Occupations and jobs that 
require STEM knowledge are expected to grow in the next years (DJSB, 2019; Deloitte 
Access Economics, 2020). Therefore, increasing student engagement and participation in 
STEM degrees has been and remains the primary focus of government’s education policies 
and strategies. For instance, most recently, the Australian Government announced the "Job-
Ready Graduates" package that aims to steer enrolments towards disciplines with good 
employment opportunities to help drive the nation’s economic recovery from COVID- 19 
pandemic (Australian Government, Study Assist, 2020). According to the “Job-Ready 
Graduates” package, from 2021 the student studying contributions for STEM disciplines will 
be reduced by nearly 20 percent to 50 percent to encourage more students to commence 
study in STEM disciplines (Australian Government, Study Assist, 2020). Considering, this 
study supports the government’s direction to encourage more student into STEM degrees 
and influences student course choices.  Some previous studies have aimed to understand 
why students study STEM courses at the tertiary level and identify the major influences on 
students’ decisions. Several factors have been identified including influence from teachers 
and parents (Dawes et al., 2015; Harwell & Houston, 2012; Srisupawong et al., 2019), 
observing other’s experiences (Goh et al., 2007; Lamers & Mason, 2018; Moos & Azevedo, 
2009; Zeldin & Pajares, 2000), physiological reactions, such as happiness, anxiety, or fear of 
failures (Lee, & Huang, 2014; Thatcher & Perrewe, 2002; Tuncer et al., 2013), and past 
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experiences in STEM (Dawes et al., 2015; Fantz et al., 2011; Roberts et al., 2018; 
YouthInsight, 2019).   
The previous factors were found to play a critical role in forming individual’s level of 
confidence in their capabilities to implement certain actions and perform a task 
 (Bandura, 1997). To illustrate, scholars found that students are more likely to participate in 
a task in which they have strong beliefs in their abilities to perform it, and are less likely to 
participate in a task for which they do not possess this belief (Bandura, 1977; Lent et al., 
1994). These perceptions termed as ‘self-efficacy’ are gained through four major 
informational sources: previous experience, social persuasion, social modelling, and 
physiological states and reactions. This literature review focuses on exploring the last four 
sources with the aim to understand how these sources influenced students’ self-efficacy and 
thus their willingness to engage in future STEM study.  
 
This chapter explores the self-efficacy concepts with the aim to try to understand how self-
efficacy relates to a student’s study decisions. Following this, four main sources of self-
efficacy are explored as an attempt to understand how they influence student's perception 
and thus their future intention and behaviours.  This includes a discussion on STEM-related 
activities and programs that students participate in prior to enrolling in a university and how 
the choices students make prior to their university enrolments can affect their beliefs and 
their willingness to study in a STEM related field in the future. Next, the chapter provides a 
discussion of what has been learned from the literature and what still needs to be 
addressed regarding the enrolments in STEM degrees. The chapter concludes with a 
discussion on the Social Cognitive Theory and provides a rationale for adopting it as 
theoretical framework for this research study. 
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2.2 Self- Efficacy 
Bandura (1986) defined self-efficacy as “People’s judgment of their capabilities to organize 
and execute courses of action required to attain designated types of performances. It is 
concerned not with the skills one has but with judgments of what one can do with whatever 
skills one possesses” (p. 391). That is, self-efficacy represents the individual’s level of 
confidence in their capabilities to implement certain actions to perform task (Schunk, 1991). 
However, it is important to note that self-efficacy does not refer to the actual abilities or 
skills of individuals. In fact, it is not enough for individuals to possess the knowledge and 
skills necessary to perform a task; they must also have the belief that they can successfully 
perform the desired behaviours(tasks).  
Self-efficacy is domain-specific. That is, high self-efficacy in one area does not necessarily 
mean high self-efficacy in another. For instance, a student may have a high self-efficacy for 
understanding history, but the same student may have low self-efficacy for taking a math or 
joining a computer competition. Therefore, Bandura (1997) suggested that “to achieve 
explanatory and predictive power, measures of personal efficacy must be tailored to 
domains of functioning and must represent gradations of task demands within those 
domains” (p. 42). In the context of STEM education, a computer-based learning 
environment is becoming more dominant in the classroom (Moos & Azevedo, 2009). 
Students’ participation in a computer-based learning environment is linked to the students’ 
perception of their abilities which are related to specific computer skills and knowledge 
(Debowski et al., 2001; Murphy et al., 1989). This perception is referred to as Computer Self-
Efficacy (CSE) (Murphy et al., 1989). Compeau and Higgins (1995) defined Computer Self-
Efficacy as “a judgment of one’s capability to use a computer” (p. 192) with the aim to 
perform computing tasks. Those with higher Computer Self-Efficacy are more likely to 
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believe in their abilities to accomplish more difficult computer tasks and are more likely to 
participate in similar tasks in the future. Previous studies found that students’ perception of 
their computing abilities is one of the most important factors, among other factor, that 
predicts study choice in the future (Fantz et al., 2011; Magana et al., 2016; Robert et al., 
2018). In order to understand how student’s Computer Self-Efficacy perception is shaped 
and formed, it is important to understand what helps in developing Computer Self-Efficacy 
perceptions. Bandura (1977) suggested that an individual’s self-efficacy is influenced and 
affected by four sources that act simultaneously and interactively in the development of an 
individual’s perception. The four sources are: 1. enactive mastery experiences (Past 
experience), 2. social persuasion (messages from others), 3. vicarious experiences 
(observation of others), and 4. physiological reactions. These four factors have been studied 
extensively by researchers in a relation to their influences on student’s interests and the 
decisions to pursue further studies in STEM related areas. This is further explained and 
described below in section 2.3. 
2.3 Sources of Self-Efficacy  
 Enactive Mastery Experience (Past experience) 
Enactive mastery experience is defined as information that is based on “authentic mastery 
experiences” (Bandura, 1986, p. 399), or previous experiences with performing tasks. 
Bandura (1986) argued that both positive and negative experiences can affect individual’s 
ability to perform specific tasks. Therefore, if students have a positive experience with a task 
and perform it well, their self-efficacy will increase, which in turn means that those students 
are more likely to participate in a similar task in the future. Whereas repeated negative 
experiences could weaken students’ self-efficacy beliefs. Therefore, in order to increase 
students’ interests and enrolment rates in STEM related degrees many scholars suggested 
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providing inside and outsides classroom STEM experiences, such as after school programs 
and activities, advanced coursework, mentoring programs, and work experiences (Dawes et 
al., 2015; Fantz et al., 2011; Oo et al., 2018; Sahin et al., 2014). A recent nationwide 
commissioned study conducted by YouthInshight (2019) on a behalf of Department of 
Industry, Innovation and Science examined Australian students’ awareness, interest, 
attitudes, and behaviours towards STEM education and career. The study surveyed about 
2,000 students between the ages of 12 and 25 using the Student Edge Youth Panel. Young 
Australians were asked about their participation in extracurricular activities and the events 
outside of school. The results showed that 45% of the participants had attended at least one 
such activity. Encouragingly, 45% said these experiences increased their interests in studying 
STEM subjects in the future (YouthInsight, 2019).   
During the school years, students can participate in various types of activities and programs 
related to Science, Technology, Engineering, and Mathematics. Therefore, in the next 
section literature findings in regard to students’ abilities and beliefs post participation in 
STEM related activities is presented. 
2.3.1.1 STEM-Related Activities and Programs  
Nowadays, students are exposed to STEM-related activities and programs during their 
primary and secondary education more than before. There are many ways and 
environments in which students can be exposed to STEM content (Sahin et al., 2014). STEM-
related activities and programs usually operate in formal and informal learning 
environments. Those that operate in formal learning environments are more structured and 
often take places in classroom like- settings (Fantz et al., 2011). Examples of these 
 are: STEM secondary courses, STEM fairs, Mathematics and Science Olympiads. However, 
STEM- related activities and programs that operate in the informal learning environments 
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are often formed to provide learning through real-life models and examples (Robert et al., 
2018), such as, work experiences, community programs, holiday camps, and outreach and 
mentoring programs. The time students spend working on these activities as well as the 
material covered vary during these activities. For example, exposure to advanced STEM 
secondary school courses, such as the ICT course, usually take longer to master as these 
courses have a developed curriculum and assessments (Fantz et al., 2011). On the other 
hand, students who participate in STEM activities outside the school, such as when 
participating in a holiday robotics camp or attending a field trip usually only spend few 
hours to few days on these activities (Fantz et al., 2011). In more recent times, such 
activities are becoming more popular with students compared to regular classroom 
activities because they provide students with the open-ended experiences and allow for 
more uncertainty and commitment (Sahin et al., 2014). Over the past years, many 
researchers explored the effects of various STEM-related activities and programs on 
students’ self-efficacy and their role in cultivating the interest in STEM studies. For instance, 
Roberts et al. (2018) examined students’ perceptions of STEM learning while participating in 
informal Summer STEM learning camp at three sites across the United States based on the 
Situated Learning Theory (Lave & Wenger, 1991).  As Situated Learning Theory, views 
learning as a social process rather than the cognitive process (Fox, 1997), and suggests that 
effective learning requires integration of the authentic content and social practice (Lave & 
Wenger, 1991).  Therefore, in their study, Roberts et al. (2018) observed and collected data 
from the 5th–8th grade students who participated in the “See Blue See STEM” model. The 
“See Blue See STEM” model was a one-week Summer informal STEM learning experience, 
that offered a hand-on experience with social interactions. This experience included 
programming Lego robotics, modelling mathematical shapes using 3D pens, and extracting 
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DNA to explore biological concepts. Roberts et al. (2018) found that the informal learning 
experience influenced students' learning and engagement in STEM while giving students an 
opportunity and access to content, settings, and resources which many students otherwise 
would not have the access to. In addition, they found that the informal learning experience 
provided the context and purpose of formal learning. Likewise, Sahin et al. (2014) collected 
data from 146 students who participated in six after- school programs in the United States 
between grades 4 and 12. These programs offered collaborative learning experience in 
Robotics, Mathematics, and Science and provided an opportunity for students to build, 
design, program, and present their works to the diverse audiences.  Researchers in this 
study aimed to investigate students’ views toward these activities in terms of their learning 
progress, competence, and interest in pursuing STEM careers. The results indicated that 
after-school programs enhanced students' interests in STEM, and learning outcomes. 
Additionally, in their study, Dawes et al. (2015) explored what the main influencer on 
students’ study choice were and identified that participation in STEM based activities have 
impacts on student’s degree choice. Dawes et al. (2015) analysed the quantitative data 
which was collected from first-year Australian students and found that teachers, parents, 
and STEM high school engagement activities and programs such as science fairs, clubs, and 
university campus visits were positively associated with students’ performance and choices 
of their STEM majors. Dawes et al. (2015) recommended that is important to engage 
students’ in more interdisciplinary project-based STEM experiences and real-life experiences 
with the aim to maintain students’ engagement and interest in STEM. Other Computing and 
Engineering researchers examined the influences of the specific Computing and Engineering 
activities and programs on the Computer Self-Efficacy beliefs for undergraduate students. In 
the context of Engineering education research, Fantz et al. (2011) assessed how students’ 
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STEM engagements during K- 12 grades prepared student for the further Engineering 
related studies. Programs examined included extra-curricular programs, work experiences, 
field trips, Engineering hobbies, and multi-day and single-day programs and workshops 
which were largely focused on Engineering. Fantz et al. (2011) surveyed 332 first-year 
Engineering students who were enrolled at Colorado State University (CSU). The researchers 
found that students with pre-Engineering experiences showed a higher self-efficacy than 
those who did not have this experience leading to a greater probability for the future 
enrolments in the Engineering studies. In addition, the study found that the pre-tertiary 
experiences produced greater differences in self-efficacies between students who had the 
experiences versus those who did not. In fact, prior computing experiences have not only 
been found to increase the self-efficacy of Engineering students but also assists students in 
acquiring disciplinary Engineering concepts (Magana et al., 2016).   
Past experiences were found and hypothesized to be the most influential sources affecting 
student’s self-efficacy (Bandura, 1977). Other factors found to have effects on students’ 
self-efficacy were aligned to the Social Persuasion as will be presented in the next section. 
  Social Persuasion 
Social persuasion includes stimuli such as: messages of encouragement, discouragement, 
which students receive from others such as parents, friends, peers, teachers, relatives, 
course advisors and school counsellors. These messages affect the students’ performance 
and / or their ability to perform the task, either positively or negatively (Bandura, 1977). 
Previous studies found that messages from teachers, parents, and peers are the main 
influencers on students’ STEM study decisions (Dawes et al., 2015; Harwell & Houston, 
2012; Srisupawong et al., 2019; Tomaszewski et al., 2017; YouthInsight, 2019). For example, 
several studies have pointed out that teachers’ and parents’ feedback plays a crucial role in 
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determining the students’ attitude towards STEM education and in creating and stimulating 
students’ interest in STEM subjects (Tomaszewski et al., 2017; Srisupawong et al., 2019; 
YouthInsight, 2019).  In regards to teachers’ influences, since 1995 till today, the 
Longitudinal Surveys of Australian Youth (LSAY) series studies follow over 10,000 young 
Australians from each of the six cohorts as they transition from compulsory schooling to 
further post-school education or training, and into the labour market (Forrest & Scobie, 
2019). Each LSAY cohort consists of participants who enter the study at age 15 (or year 9 in 
some cohort) and are contacted once a year until the age of 25. Studies began in 1995 with 
the first cohort (Y95), then following that another five cohorts were added to the study, 
1998 (Y98 cohort), 2003 (Y03 cohort), 2006 (Y06 cohort), 2009 (Y09 cohort) and more 
recently in 2015 (Y15 cohort). Tomaszewski et al. (2017) utilised the LSAY dataset (2003 
cohort) and investigated the factors that influenced young Australian’s students to enrol in 
university and found that school experiences such as good student-teacher and career 
advice experiences strongly predicted university enrolments for young students, especially 
students from the disadvantaged backgrounds.  
Another study by Srisupawong et al. (2019) explored the influence of different teachers’ 
feedback in a computer classroom environment on students’ and their Computer Self-
Efficacy. Srisupawong et al. (2019) surveyed a sample of 105 high school students enrolled 
in Web Design and Development course in Thailand using pre-test and post-test design. The 
study measured the effects of different types of teachers’ feedback such as students’ 
abilities feedback, general praise, and negative feedback. The researchers described abilities 
feedback as the comments or feedbacks that are more related to the students’ abilities to 
perform a particular task, whereas the general praise was seen as the feedback that is not 
related to specific behaviour or targeted to a particular task. The study found that abilities 
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feedback and general praise, respectively had the strongest positive impacts on the 
Computer Self-Efficacy.  
Parental influence is another form of social persuasion that was found to influence the 
students’ decisions. For example, YouthInsight (2019) found that Australian students were 
more influenced by their parents (54%) than their friends (30%) or teachers (24%) when 
choosing their subjects in secondary school and higher education. Other studies 
demonstrated that students with close family members working or studying in STEM fields 
showed greater interests in STEM studies because they were likely more exposed to the 
field compared to their peers whose parents are not in the STEM area (Harwell & Houston, 
2012; Sheppard et al., 2010). For instance, Harwell and Houston (2012) surveyed a total of 
4,567 undergraduate students from a variety of majors at ten large research universities in 
the United States. They aimed to understand the impacts of the parental occupations on 
students’ choice of their majors.  The results from the study suggested that students with at 
least one parent in a STEM field choose to major in STEM at a higher rate than those whose 
parents are not in STEM.  However, the results also indicated that students’ choice of STEM 
major is greatly influenced by their parents and their profession regardless of parents 
working fields. To increase student enrolment in STEM programs, Harwell and Houston 
(2012) recommended providing students’ parents with the information and knowledge 
about the STEM programs and careers. Likewise, Sheppard et al. (2010) found that 
Engineering students with parents or siblings working in the Engineering fields often 
developed an early interest in Engineering prior to enrolling in higher education. Next 
section discusses the third source of self-efficacy, vicarious experience. 
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 Vicarious Experience (Social modelling) 
Bandura (1977) explained that an individual can develop high or low self-efficacy by 
observing and interpreting the social model’s behaviours. This means that an individual can 
observe others’ experiences in a similar task or activity, and then compare his or her 
competence with the other’s competence. Indeed, Schunk (1991) described “observing 
others succeed can convey to observers that they too are capable and can motivate them to 
attempt the task” (p.216).  Vicarious experiences can be acquired in two ways: actual (live) 
modelling and symbolic modelling (Bandura, 1977).  Actual modelling is when a person 
observes real people demonstrating or acting out behaviour. A symbolic modelling is when a 
person is observing real or fictional character’s behaviours through social media and other 
types of technology like emails, television shows, video games, or the Internet web sites. 
Students’ self-efficacy can increase when students observe someone similar to them 
succeed. Similarly, when students observe social models’ who fail, this can in turn reduce 
students’ self-efficacy. This type of social observations is represented in some STEM-
activities such as mentoring programs where students are paired with others' social models 
who share similar career paths, academic goals, or skill sets such as the Pathways in 
Technology (P-TECH) program mentioned in Chapter 1. In P-TECH program students are 
matched with an industry mentors to provide them with opportunities to link their learning 
to real life applications. Scholars found that vicarious experience has succeeded in raising 
students' self-efficacy beliefs (Goh et al., 2007; Lamers & Mason, 2018; Moos & Azevedo, 
2009; Zeldin & Pajares, 2000). For instance, in their study Goh et al. (2007) addressed the 
decline in female participation in IT-related fields by investigating the impact of mentors on 
the Computer Self-Efficacy of college students at five universities in the United States. The 
scholars found that students with previous mentoring experience reported a higher 
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Computer Efficacy than those who did not, and they suggested that female mentors to 
some extent could enhance female student’s Computer Self-Efficacy. Likewise, researchers 
suggested that vicarious experience is a particularly strong determinant of young girl’s self-
efficacy in STEM fields (Lamers & Mason, 2018) especially in male- dominated fields such as 
Engineering and Information Technology (Goh et al., 2007). For instance, in their review of 
the literature, Tuijl and Molan (2016) uncovered that persistent negative gender 
stereotypes such as that STEM fields are usually male led scholars to reinforce that the 
existence of male and female role models and the presence of positive effective view are 
critical for developing high expectations in children. Indeed, in their study about advertising 
Computer Science/ Information Technology degrees to female students in Australia, Lamers 
and Mason (2018) recommended to look for and use female role models in testimonials for 
ICT degrees, and encourage female role models to talk about both soft skills and their 
achievements in technical areas. The next section discusses the last source of self-efficacy, 
Physiological reactions. 
 Physiological State 
The final source of self-efficacy information comes from an individual’s own physiological 
and emotional reaction while performing a task, these physiological states include pleasant 
or unpleasant emotional or physiological reactions such as happiness, anxiety, fatigue, 
stress, nervousness, and a fear of failure while performing a task. People with negative 
emotional tendencies are more likely to doubt their ability to perform a task despite 
realising that there is an equal percentage of successes and failures (Lent et al., 1994). With 
the rapid engagement of technology in the educational environment, computer anxiety has 
been extensively explored as a physiological state that affects students’ efficacy in their 
abilities to use computers to perform a task. Tuncer et al. (2013) described computer 
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anxiety as a psychological attitude toward working with a computer or completing a 
computer-related task that results in a level of discomfort or avoidance of interaction with 
the computer. Students with computer anxiety may experience disappointment, frustration 
and fear of failure. Past research found that computer anxiety affected Computer Self-
Efficacy (Lee, & Huang, 2014; Thatcher & Perrewe, 2002; Tuncer et al., 2013) and showed 
that computer anxiety related to a lower level of Computer Self- Efficacy (Achim & Kassim, 
2015; Lee, & Huang, 2014). 
2.4 Research Gap and Questions 
Through a review of the literature, it was noted that while Computing and Engineering 
education researchers have recognized the importance of prior STEM experiences in 
shaping students' self-efficacy and behaviour, they have also emphasised other sources that 
influence students’ decisions to enrol in STEM degrees such as: Social persuasion, social 
modelling, and physiological factors. However, most studies have focused on investigating 
one or two sources and little of the literature explored all of them. Additionally, the 
researcher noted that there is a lack of literature that investigated students’ past experience 
in STEM-related activities and programs with regard to Computing and Engineering study 
choices, particularly in the Australian context. Therefore, to develop a better and 
comprehensive understanding of the major contributors to students’ study choice, it is 
important to assess all informational sources such as previous experience, social persuasion 
from teachers, parents and friends, social modelling, and physiological states. Therefore, the 
objectives of this study were, first, to investigate and evaluate the latter factors in regard to 
student’s study decision with more emphasis on understanding the effects of previous 
exposure to STEM-related activities on students' Computer Self-Efficacy, and thus their 
study choice. To understand the effects of previous STEM experiences on student choice, 
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this research infers that students who have participated in STEM-related activities have a 
higher Computer Self-Efficacy than those who did not participate, and this influences their 
decision to enrol in their Computing and Engineering degrees. 
 Second, to identify new or emerging factors that are not necessarily having a direct impact 
on students’ self-efficacy but are contributing to students’ STEM engagements and choice. 
And finally, to examine the variance between two STEM cohorts; first- year undergraduate 
Computing and Engineering students, so the researcher can study the difference and 
similarities between students majoring in different STEM disciplines. The researcher 
believes that this disaggregation will help provide a specific understanding of students' 
engagement in STEM activities, such as types of activities, locations and frequency, and the 
primary influencer on the enrolment in each discipline of Computing and Engineering. 
Therefore, this study addressed the following questions:  
1. How does the previous exposure to STEM-related activities influence students’ 
Computer Self-Efficacy among Computing and Engineering students? 
 Sub question: Do Computing and Engineering Students who participated in 
STEM-related activities have a higher Computer Self-Efficacy than those who 
didn’t participate? 
2. What are the main factors that influence students’ decision to enrol in Computing 
or Engineering degrees? 
 
3. What are the emerging factors that influence students' decisions to enrol in 
Computing or Engineering degrees? 
 





Figure 2.1: Research aims, objectives, and questions 
 
 
The next section discusses the theoretical framework adopted for this study.  
2.5 Theoretical Framework   
This study utilised Bandura’s Social Cognitive Theory (SCT) as a theoretical framework to 
guide this research study for the reasons discussed below. Social Cognitive Theory states 
that human behaviour depends on the dynamic interactions between three factors: 
Cognition and personal, behavioural, and environmental factors as shown in Figure 2.2. 
Bandura (1986) referred to this reciprocal bi-directionally relationship as "triadic reciprocity" 
(p. 18). Bandura hypothesizes that people's perceptions of their confidence in accomplishing 
tasks (Self-efficacy) intermediates with what they know and how they behave, and that self-
Research Aims
• Enhance students’ engagement and participation in STEM degrees, in particular, 
Computing and Engineering degrees.                    
• Develop a better understanding of the factors that influence students' study 
decisions.
Research Objectives
• Identify the main factors that influence Computing and Engineering student’s study 
choices. 
• Identify the possibly significant association between participation in STEM-related 
activities and Computer Self-Efficacy for both Computing and Engineering Cohorts.
• Identify new factors that may influence student study choice.
Research Questions
• How does the previous exposure to STEM-related activities influence students’ 
computer self-efficacy among Computing and Engineering students?
Sub question: Do Computing and Engineering Students who participated in STEM-
related activities have a higher Computer Self-Efficacy than those who didn’t 
participate?
• What are the main factors that influence students’ decision to enrol in Computing or 
Engineering degrees? 
• What are the emerging factors that influence students' decisions to enrol in 




efficacy helps define the actions they will take. Brown and Lent (2006) pointed out that this 
interaction can predict individual’s study and career interest and choice.  
Figure 2.2: Bandura’s Model of triadic reciprocity 
Source: Compeau et al. (2006) 
 
With regards to STEM education, the environmental factors refer to the physical and social 
factors that can influence students’ behaviour. Social factors represent social persuasion 
(encouraging or discouraging messages from teachers, peers, friends, parents, and career 
counsellor), past experiences in STEM activities and programs, and the observing 
experiences of others in STEM field. On the other hand, physical factors refer to the learning 
environment in the classroom, such as technology and tools used in delivering school 
subjects and facilitating training activities and programs. Personal or cognitive factor include 
students’ expectations, computer self-efficacy beliefs, physiological states, and cognitive 
competencies.   
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As this study objects to understand the effects of previous exposure to STEM-related 
activities on students' Computer Self- Efficacy, and thus student’s study choice. It is seen 
that the elements of triadic reciprocity model provide a suitable foundation to explore this 
relationship.  As within the framework of triadic reciprocity, Computer Self-Efficacy 
(personal factor) is seen as influenced by environmental factors (participation in previous 
STEM related-activities) and individual behaviours, including behaviour choice and intention 
(approach versus avoidance) as shown in Figure 2.3.   
Figure 2.3: Influence of Computer Self-Efficacy 
Source: Compeau et al. (2006) 
 
Moreover, this study focuses on investigating two groups: first year undergraduate 
Computing and Engineering students. The students in these groups have already made their 
academic choice and have joined Computing or Engineering degrees, therefore, this study 
did not object to predict the students’ study choice, but to assess the main factors that have 
influenced undergraduate students to consider Computing or Engineering study. The main 
factors examined and assessed in this study are what SCT proposed as sources of self-
efficacy coming from individual’s past experience, vicariously by observing others, from 




 Research Design and Methodology 
 
3.1 Introduction 
The overarching aim of this study is to enhance students’ engagement and participation in 
STEM degrees, in particular, Computing and Engineering degrees, by gaining an in-depth 
understanding of the various factors that influence students’ enrolment decisions and 
answering the following research questions: 
4. How does the previous exposure to STEM-related activities influence students’ 
computer self-efficacy among Computing and Engineering students? 
 Sub question: Do Computing and Engineering Students who participated in 
STEM-related activities have a higher Computer Self-Efficacy than those who 
didn’t participate? 
5. What are the main factors that influence students’ decision to enrol in Computing 
or Engineering degrees? 
6. What are the emerging factors that influence students' decisions to enrol in 
Computing or Engineering degrees? 
 
In order to answer the above research questions, it was first important to determine the 
research design, methodology, and tools for this study (Mackenzie & Knipe, 2006). This 
chapter discusses the researcher approach to explore the research questions, the design, 




3.2 Research Approach  
Creswell (2014) defined research approaches as “plans and the procedures for research that 
span the steps from broad assumptions to detailed methods of data collection, analysis, and 
interpretation” (p.3). There are three broadly research approaches: Quantitative, 
Qualitative, and Mixed Methods approaches (Lee & Hubona, 2009; Creswell, 2014).  
The quantitative approach is a form of inquiry that is based on numerical quantification. The 
quantitative approach is often described as deductive and objective and is mainly used to 
test theories and hypotheses and generalize results. While on the contrary, the qualitative 
approach is described as an inductive and subjective approach that aims to explain and 
understand research problem based on individuals' experiences, perspectives and opinions. 
The third approach is the mixed methods approach which often  referred as the third 
methodological movement (Tashakkori & Teddlie, 2010). The mixed methods approach 
seeks to explore the research problem by combining quantitative and qualitative 
approaches, concepts, technique and methods. The mixed methods approach is promoted 
as being suitable for answering complex research questions, for which single research 
approach may not be adequate. Indeed, Creswell (2014) indicated “A mixed methods design 
is useful when the quantitative or qualitative approach, each by itself, is inadequate to best 
understand a research problem and the strengths of both quantitative and qualitative 
research (and its data) can provide the best understanding” (P. 22) 
Considering that this study aims to get an in-depth understanding of the various factors that 
influence students’ enrolment decision, such as past experiences in STEM-related activities, 
social persuasions, social modelling and after reviewing the aforementioned three research 
approaches, the researcher based the inquiry on the assumption that collecting various 
types of data provides a better and more complete understanding of the research problem 
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than quantitative or qualitative data alone. Therefore, this study utilised the mixed methods 
approach. Additionally, it was noted from the literature review that previous researchers in 
the field of self-efficacy acknowledged the importance of complementing the quantitative 
examination with a qualitative examination to get a better understanding of the students’ 
experience, perspectives, and opinions (Pajares, 1997; Schunk, 1991; Zeldin, 2008).  The 
next section discusses the rationale for adopting a mixed methods approach. 
 The Rationale for Choosing a Mixed Methods Approach 
The examination of the relationship between previous exposures to STEM-related activities 
and programs and students’ computer self-efficacy is the main feature of the study 
(Research question 1). In addition, it is recognised from the literature review and from the 
theoretical model of this study that social persuasion, social modelling, and physiological 
states are other sources that could affect students’ self-efficacy and thus study decision.  
The use of a mixed methods design enabled the integration of quantitative and qualitative 
data to identify different influences on students’ study decision, and to explain this on group 
level (Computing and Engineering). To illustrate, while the quantitative approach allowed to 
identify the main factors that influence Computing and Engineering students’ study choice 
and provide a rigorous test of the research question, the qualitative approach allowed to 
refine and explain of students views and opinion about the research topic including the 
possibility of identification new/ emerging aspects that influence students’ study decisions. 
Collectively, the two approaches should provide a comprehensive understanding of the 
factors that influence students’ decision to enrol in Computing or Engineering degrees. The 





3.3  Explanatory Sequential Mixed Methods Design 
Creswell and Plano Clark (2011) explained three core forms of mixed methods design: (a) a 
Convergent Design used to develop a complete understanding of a research problem by 
converging quantitative and qualitative data and comparing the two data set (b) an 
Explanatory Sequential Design used to understand the data at a more detailed level by 
using qualitative follow-up data to help explain a quantitative database, such as a survey 
and (c) an Exploratory Sequential Design used to develop measurement instruments that 
actually fit a sample by first exploring qualitatively (e.g., through interviews) and using the 
information to design an instrument that then can be tested with a large sample. 
In order to achieve a comprehensive insight into the factors that influence students study 
choice, this study adopted a sequential explanatory mixed methods design, in which the 
dominant quantitative study design is complemented by a qualitative component.  
In this design, the detailed aims of conducting the initial and core quantitative phase were: 
1. Identify the main factors that influence Computing and Engineering student’s study 
decision to answer research question 2, as discussed later in section 3.6.2  
2. Differentiate two cohort of the study to facilitate the data analysis and separate the 
Computing and Engineering Cohort results. 
3.  Identify if there is a significant association between participation in STEM-related 
activities and computer self-efficacy as discussed later in section 3.6.2 and 3.6.4. 
4.  Identify and explore in depth the STEM-related activities characteristic in which 
student’s participated in before enrolling to university (frequency, location) to 





The main aims of conducting the subsequent qualitative phase were to: 
1. Provide insight into Computing and Engineering students’ experience and view 
about the factors that influence their study choice (research question 1 and 2) 
2.  Identify new factors that may influence student study choice (research question 3) 
Both data sets' findings were integrated into the final section of the results, as presented 




Figure 3.1: The Explanatory Sequential Mixed Methods design 
Source: Creswell (2014) 
 
To summarise, using the explanatory sequential mixed methods model, the study began 
with the quantitative phase, data was collected via survey in order to generalise the results 
to a population, and then, the collected data was analysed. Next, in the qualitative research 
stage, a focus group was conducted to collect detailed views from participants to help 
explain the initial quantitative data, as shown in Figure 3.2. While this design supports a 
strong quantitative investigation, however, the unbalanced sample sizes in both phases 
presents an anticipated challenge (Creswell, 2014).  The two distinct but yet integrated 
quantitative and qualitative phases helped to investigate the research questions and 





























Figure 3.2: Overall research design 
 
3.4  Research Subjects  
The sample for this study was drawn from the undergraduate first-year Computing and 
Engineering students enrolled at an Australian University. To ensure that students are in 
their first- year of study, only students who have completed up to 70 credit points of their 
studies were asked to participate in the research and fill out the survey (During their first 
year of study, students typically complete 80 credit points). To protect the privacy and 
confidentiality of the research participants, the research sample was extracted and an 
invitation to participate in the study was sent to the potential participants by the School’s 
(research faculty) officer.  
The study population was selected from first-year students only as participants were asked 
to reflect on their study decisions they made a year or two before joining the University to 
study Computing or Engineering. Computing and Engineering students' in middle or upper 
years were excluded as their opinions may have been affected by the recent exposures to 
the University study.  
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3.5 Ethical Considerations 
To conduct the research study with the university students, ethical clearance was sought 
and granted by the Human Research Ethics Committee as shown in Appendix B. In 
accordance with the Ethics Committee guidelines, the research participants were informed 
of the scope, benefits, and the risks of the project through a Participant Information Sheet. 
Since the research study was seeking to identify factors that influence students to enrol in 
Computing or Engineering degrees, it was not expected that participation in this study 
would have any negative impacts on the participants. Participants were informed that their 
confidentiality will be maintained at all stages of the research and that no personal or 
identifiable information will be released at any stage of this study.  
3.6 Quantitative Phase Methods 
In order to meet the quantitative phase aims mentioned above, a survey (online 
questionnaire) method was utilised to obtain research data. The survey was employed using 
an online questionnaire tool called “Qualtrics”. 
A questionnaire is a research tool that contains a set of questions that aims to collect 
information from research participants. The reasons for choosing the online questionnaire 
as a predominant quantitative research tool were: 1) Online questionnaire was considered 
to be a most suitable tools which would allow  larger amount of data to be collected in a 
relatively shorter time frame from the research participants 2) The online questionnaire was 
seen to be less resource-intensive tool particularly for data storing and the analysis, 3)The 
online questionnaire allowed minimal contact between the research participant and the 
researcher, thus reducing the chance of bias infiltration through data collection (Jenn, 
2006), 4) It also enabled data collection during the COVID-19 pandemic which required 
social distancing to be maintained, 5) The online questionnaire enabled the researcher to 
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explore the test the research question, and 6 ) The online questionnaire provided an 
opportunity to generalize the results to the wider population (Creswell & Plano Clark, 2011).   
However, there are certain drawbacks to using an online questionnaire as a research 
method such as, 1) The respondents may not answer questions truthfully causing 
inconsistent responses or straight-lining responses, 2) questions can be ambiguous resulting 
in a wrong interpretation from respondents and thus having an inaccurate data. Therefore, 
to minimise the impact of these drawbacks, several steps were followed during the 
development and design of this study questionnaire as explained in the next section.  
 Questionnaire Design  
The questionnaire design and the development of questionnaire’s questions was an 
iterative process and included the following steps:  
1. Deciding what data is required to be collected: in this step, the researcher reviewed 
the quantitative research phase's objectives mentioned in section 3.3 and then 
formulated questions/statements that capture the main objectives of this phase. 
2. Reviewing the first draft to ensure that each question/ statement accurately reflects 
the meaning and captures the research aspects.  
3. Reviewing and refining the wordings of each question/statement and the structure 
of the questionnaire by the supervisor. 
4. Defining and formatting the answer options for each question. The questions used 
vertical answers that allowed enough space between the answer options to ensure 













Figure 3.3: Examples of vertical answers choices. 
 
5. Selecting a neat and orderly layout for the questionnaire as presented in Appendix C.  
6. Classifying the questionnaire questions/ statements into parts. 
7. Testing the questionnaire length by the researcher and the supervisor. This step was 
critical to ensure that the questionnaire has an appropriate structure and length. 
8. Conducting several audits by the researcher and the supervisor to identify potential 
problems and errors. 
9. Performing a final audit to the final draft to ensure that each question contributed to 
the research study and remove any unrelated questions.  
Once the final draft of the questionnaire was completed, the questionnaire was submitted 
to the ethics for review. Following that, the questionnaire was developed through a web- 
based survey tool called “Qualtrics”. Since the researcher has never used this web tool 
before and to inform the creation and building of the online questionnaire, the researcher 
has accessed the Qualtrics Survey Platform Support. This platform provides detailed 
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guidance and instructions on how to create, design, and implement a questionnaire, and 
how to add, compile, and edit questions. 
The final draft of the questionnaire consists of twelve questions divided into four parts as 
discussed in the next section. 
 Questionnaire Parts 
The first part of the questionnaire was a demographic part. It was important to include 
demographic questions to distinguish the two study cohorts (Computing and Engineering) 
and later identify potential similarities and /or differences. The demographic section 
consists of questions about participant’s majors, gender, age, and enrolment type (i.e. 
International or Domestic).  
The questions in the second part of the questionnaire were focused on the students’ 
previous experiences in STEM-related activities. Participants were first asked to indicate 
whether or not they had participated in previous STEM-related activities before enrolling in 
the university. Participants who answered that they had previous STEM experiences were 
subsequently asked about the types of these activities, frequencies, locations, and whether 
or not they had received any social encouragement to participate in these activities.  
The third part of the questionnaire focused on measuring the Computer Self-Efficacy of the 
research participants. This part was developed and designed so that all research participants 
can answer it regardless of their answer in the second part above. The data collected in this 
section was important to test the association between participation in STEM-related 
activities and Computer Self-Efficacy for both Computing and Engineering Cohorts. The 
questions in this part were adopted from Compeau and Higgins (1995) Computer Self-
Efficacy scale as discussed in the next section. (The questions on the second and third part of 
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the questionnaire were developed to answer the first research question and the research 
sub-question) 
The final part of the questionnaire asked participants to rate the importance of nine factors 
(own desire to purse Computing/Engineering major, better employment opportunities in 
Computing and Engineering fields, to be like their Computing or Engineering role model, 
parents’/family, teacher, known Computing / Engineering inventor / figure, past computer 
focused activity, school/university counsellor encouragements, parents working in STEM 
fields, and be with me friends) in influencing their study choice. The contents of this part 
were informed by the past scholar’s findings of the factors that influenced student’s study 
decisions discussed in Chapter 2. (The questions in the final part of the questionnaire were 
developed with an aim to answer the second research question) 
The questionnaire questions were close-ended questions, the response types include items 
such as a dichotomous (Yes or No) answers, multiple-choice items, 10- point Likert scale 
items. In addition, research participants were given the opportunity to write about 
additional STEM-related activities or programs experiences in which they participated prior 
to the enrolments at the university. The questionnaire questions are listed in Appendix C. 
3.6.2.1 Computer Self-Efficacy Scale 
Since the mid-1990s, many scales (Compeau & Higgins, 1995; Chen et al., 2001; Gist et 
al.,1989; Kinzie & Delcourt, 1991) have been developed to measure the individuals’ 
Computer Self-Efficacy. In general, there are two broad types of Computer Self-Efficacy 
construct, General Computer Self-Efficacy (GSE) which refers to individuals’ own judgment 
of their ability to use computers to perform computing task (Compeau & Higgins, 1995; 
Chen et al., 2001; Gist et al.,1989), and Task-Specific Computer Self-Efficacy (SSE) which 
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measures individual’s confidence about their ability to use a particular software package 
(like, spreadsheet, or word processing programs) in a specific software-based task context 
(Agarwal et al., 2000; Kinzie & Delcourt, 1991; Marakas et al., 2007).  
Given that the research participants were likely to have participated in various STEM-related 
activities and performed different tasks using different programs/ tools before enrolling at 
university. Therefore, this research study utilised General Computer Self-Efficacy scale to 
measure the students’ confidence in performing computing task regardless of the 
program/tool used to perform the task. Compeau and Higgins (1995) instrument was 
selected to measure the students’ Computer Self- Efficacy because in this instrument 
respondents are asked to visualize their capabilities to do an unfamiliar task with a program 
given to them and respond to items, such as “I could complete the task using the software if 
there was no one around me to tell me what to do as I go” or  “I could complete the task 
using the software if I had seen someone else using it before trying it myself ”  (Compeau & 
Higgins, 1995). The ambiguity of the task in the instrument allows the respondents to 
visualize the task in a related field and does not specify the use of a particular program or 
tool as part of the instrument. 
The Compeau and Higgins (1995) scale typically consists of 10 statements, and each 
statement asks the respondents to rate their confidence about their ability to complete a 
task using unfamiliar package or software on a scale of 1 to 10, where 1 indicates "Not at all 
confident”, 5 indicates "Moderately confident", and 10 indicates "Totally confident". 
According to Compeau and Higgins (1995), the coefficients for the computer self-efficacy 
scale is 0.93.  The preamble of the question and four items in the Compeau and Higgins 
(1995) instrument were modified for the context of this study as seen in Table 3.1. Appendix 




2. Missing data was examined and imputed using the Expectation maximization 
algorithm which allow for maximum likelihood estimation to the incomplete data 
case as describe in Chapter 4, section 4.2.1.  
3. A descriptive statistic: Frequencies and percentages were generated to describe the 
demographics of the participants, the types of STEM-related activities that 
participants joined in, the location and frequency of STEM-activities, also to describe 
whether students received social engorgements or not when joined the STEM-
activities and the source of these social encouragements (parents, teachers, friends, 
etc.). Summary tables and bar charts were created using SPSS 25 and Microsoft 
Excel 2016 to report the frequencies and percentages. Data analysis is presented in 
the next chapter. 
 
4. In this step, the assumptions of the independent samples t-test performed in the 
next step were checked.  To check the normality of the distribution assumption, a 
descriptive analysis including box plot graphs was performed to check the normality 
and outliers of the distribution of the dependent variable (Computer Self-Efficacy) 
within each group (participated and not participated) for both study cohorts 
(Computing and Engineering) as shown in Appendix F. Next, the homogeneity of 
variances for the dependent variable (Computer Self-Efficacy) assumption was 
tested using Levene’s Test as describe in Chapter 4, section 4.2.3.3. Lastly, the 
independence of observation assumption which means that each respondent 
should belong to only one group (in this study, participated in STEM activities or did 
not participate) was controlled by the development of a question to classify the 
respondent who participated in previous STEM activities from those who did not as 
shown in question 5, Appendix C. This question ensures every respondent is 
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categorized into one group and not in both. In addition, the demographic question 
(study major) help in allocating the respondents into two study cohorts (Engineering 
and Computing) as shown in question 3 in Appendix C. Moreover, the questionnaire 
was distributed as ‘one-time’ only, to prevent multiple entries from the same 
participant. 
5. Inferential statistics: independent samples t-test was performed to test the research 
sub question and thus compare the Computer Self-Efficacy scores of those who 
have had previous experience in STEM-related activities/ programs versus those 
who had no experience, the independent t-test and the results of the test are 
discussed in details in Chapter 4, section 4.2.3.3. 
The next section discusses the methods used in the qualitative phase.  
3.7 Qualitative Phase Methods 
Before describing the qualitative methods, it is important to restate the objectives of the 
quantitative phase.  In this mixed methods study, the purpose of the qualitative phase was 
to help explain the initial quantitative survey results by capturing participants’ opinions, 
perspectives, and experiences in regards to the main reasons that influence students to 
enrol in Computing or Engineering degrees, and to explore factors that affect students’ 
study choices. Considering the latter objectives and the time constraints of this research 
study, a focus group was selected and seen as appropriate means to capture the research 
subject's opinion. Focus group is a method that involves a group interview with research 
participants to obtain their opinions and views on a research problem. Focus groups allows 
participants to share their opinions and thoughts during discussions, which help the 
researcher understand the extent of consensus or diversity across the study population. The 
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development of the focus group questions and the data collection process are discussed in 
the following sections.  
3.7.1 Focus Group Questions Development 
The focus group questions were developed based on the preliminary results from 
quantitative phase (see Chapter 4, section 4.2) and findings from the literature review. 
Before developing the focus group questions, the research objectives were reviewed to 
ensure that the developed questions would address the research purpose as discussed 
below. 
The focus group questions were divided into three main parts, the first part was focused on 
getting an in-depth understanding of main factors that influence Computing and 
Engineering students’ study decision, the questions were derived from the main factors 
identified in the previous literature and the theoretical framework of the study, such as 
parents/teacher/ friends influence, role model influence, and social media influence. 
Participants were asked questions such as:  
 Why did you choose to enrol in a Computing/ Engineering degree? Did you consider 
any other area of study? If so, which one?  
 




 Was there a particular person (parent/ teacher/ friend) who influenced your 
decision? 
 Has Social media had a role in your decision making? 
 
The second part of the focus group questions was informed by the preliminary survey 
results (see Chapter 4, section 4.2). The preliminary survey results suggest a link between 
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participation in previous STEM- related activities and students’ Computer Self-Efficacy 
beliefs, and thus their interest to pursue further STEM study. Therefore, the questions in 
this part were focused on getting more insight on the students’ experiences with STEM 
activities during their school education. In addition, the researcher tried to identify 
physiological status that students could have developed during their participation in these 
activities. The research participants asked questions like: 
 How were you informed about these activities?  
 What did you like/dislike about these activities?  
The third part of the focus group questions focused on exploring new factors that may affect 
Computing and Engineering students’ study choices. The questions in this part were 
developed to enable the researcher to gain a deeper understanding of participants' 
perspectives and opinions in the context of their broader personal and social past 
experiences. Participants were asked to reflect on questions like: 
 Thinking back to your high school days, how did you at that time perceive STEM 
activities? What do you think could help students while they are still at high school to 
find out more about the exciting roles in Computing / Engineering fields? 
 How do you think current high school students could be informed about the extra   
curricula STEM activities?  
 How would you expect high school students to find out about the Computing / 
Engineering events i.e. via education institutions, industry, media, government?  
 
The complete focus group questions are presented in Appendix G. The focus group’s 
questions were submitted to the ethics for review. Following that, the researcher started 
the collection for the quantitative data as described in the following section. 
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3.7.2 Qualitative Data Collection 
Focus group sessions were scheduled to collect data from research participants. The 
researcher aimed to conduct two face to face focus group sessions to get more opinions and 
views from the research subjects explained in section 3.4.  The School’s research officer sent 
email to invite the research subjects (see Appendix H) to focus group session with the 
researcher.  
 The first focus group was scheduled and held on 19-February-2020. The focus group session 
was conducted in a quiet study room at an Australian university library and was scheduled 
for a maximum of 90 minutes. At the beginning of the session, the researcher welcomed the 
participants and thanked them for devoting their time, then, the researcher introduced 
herself and gave a brief overview of the purpose of the research and the rules and 
procedures of the session. Following, the researcher led the conversation by asking nine 
open-ended questions with sub-questions to explore the participants’ opinions. Each 
question was presented on the whiteboard to ensure that the participants understood and 
could fully respond to the question at hand. The session was audio recorded and a signed 
consent was obtained from each participant before recording commenced. Once the session 
was completed, the researcher again thanked the participants for their valuable 
contributions. The focus group session lasted for 70 minutes including time for introduction. 
Observational notes were taken immediately after focus-group session. 
Four first-year students (three males, and one female) accepted the invitation and 
participated in the focus group session. The students’ majors were:  Robotics and 
Mechatronics Engineering (n = 1), Electrical Engineering (n = 1), Information System (n = 1), 
and Computer Science (n=1). They all completed their high school in Australia.  
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A second focus group was scheduled for 30-March-2020. However, because of the 
Coronavirus pandemic and social distancing restriction by the health authorities, and to 
avoid having any risk on participant health and wellbeing this focus group needed to be 
postponed and schedule electronically. Considering, it was necessary to request an ethics 
approval amendment for the focus group settings from’ face-to-face to an online Zoom 
session. The amendment was approved (see Appendix I) and the second focus group session 
was rescheduled to 23- April-2020. Invitations and reminders were sent to the research 
subjects via e-mail. Unfortunately, no one expressed an interest in participating. 
3.7.3 Qualitative Data Analysis 
The analysis of the qualitative data was carried out using a thematic approach. The thematic 
analysis enabled the researcher to search, examine and identify patterns and elicit the 
common ideas, topics, and meanings related to the factors that influenced student’s study 
decision.  The thematic analysis utilised inductive-deductive approach (Gray, 2013; Miles & 
Huberman, 2014) as described later in section 3.7.3.2. The thematic analysis comprised of 
four phases (Data Preparations, Data Coding, Categorisation, and Main Categories/ Themes 
Identification) as explained in the next sections.  
3.7.3.1 Data Preparations 
In this phase, data collected from the focus group session was transcribed. While 
transcribing the data was a time-consuming process, this process deepened the researcher’s 
understanding of the content and enabled the researcher to identify early data patterns. 
The researcher reviewed the transcribed data to verify the accuracy of the transcription. 
During this process, any personal identifiers such as the participants’ names were removed. 
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Names were replaced with pseudonyms and note just made of the students’ degree. The 
transcript is available upon request. 
After data was prepared, it was coded and later analysed. This is explained in the following 
section. 
3.7.3.2 Data Coding  
Data coding is a technique of “assigning a label to a section of data, such as an interview 
transcript, using a word or short phrase taken from that section of the data” (King, 2008, p. 
3). In this phase, a careful reading of the data was undertaken and an initial scanning of the 
transcribed data was performed by the researcher, to highlight the meaningful segments of 
the text used by the participants.  Next, these parts of the text were coded using Nvivo 12.  
However, it was important first to determine how the codes should be applied. Therefore, 
the researcher evaluated three common approaches used in data coding; deductive, 
inductive, or a combination of both approaches (Gray, 2013; Miles & Huberman, 2014). The 
evaluation process depended on the type of research questions to be answered, the 
objectives of the qualitative research, the demographics of the focus group, and the 
preliminary examination of the data. Therefore, the combination of both approaches 
(deductive-inductive approaches) (Gray, 2013; Miles & Huberman, 2014) was used in this 
phase (Data coding) and the subsequent phases. The rationale was that the deductive 
approach would allow the use of the theoretical framework concepts as a starting point for 
the creation of the overarching codes and categories. In contrast, the inductive approach 
will allow to code emerging insights and aspects of the students’ study decisions. Indeed, 
Creswell (2013) pointed that using of ‘prefigured’ codes (deductive approach) only would 
“limit the analysis to the ‘prefigured’ codes rather than opening up the codes to reflect the 




Later, seven nodes were created in Nvivo, one for each code. A node in Nvivo equates to label 
or sticky note that a researcher places on the text to indicate that a particular data belongs to 
a specific topic as shown in Figure 3.4. A total of 52 relevant data segments/words were 
coded under the main seven nodes.   
                                  Figure 3.4: Data Coding in Nvivo 
 
It is worth mentioning that data coding done under several levels and many nodes created 
under the main seven nodes (Mastery experience, Social persuasion, Vicarious experience, 
Physiological states, Choice, Persistence, and New node) as shown below in Figure 3.5. In 
addition, annotations were used during the data coding process to record the researcher’s 
observations as they emerged (see Appendix J).   
After the data was coded, similar data was classified into categories as explained in the next 
section (Categorisation phase). 
3.7.3.3 Categorisation  
This phase focused on identifying related/similar codes from the first phase and grouping 
them into the relevant categories. Categories “are broad units of information that consist of 
several codes aggregated to form a common idea” (Creswell, 2013, p. 186). In Nvivo, a 




3.7.3.4 Main Categories/ Themes Identification 
After categorisation phase was completed, the researcher identified the strength of 
connection in the data to specific category in order to identify the main themes/ categories, 
and thus, identify the main factors that affect Computing and Engineering students’ study 
choice. Therefore, the Matrix Coding Query was performed to measure the strength of 
the coding intersections between the sub categories (Mastery experience, Social persuasion, 
Vicarious experience, Physiological states, Personal motivations, School encouragements, 
and Teacher views to STEM learning) with related to Choice sub-category for Computing and 
Engineering Cohorts. The Matrix Coding query enabled the researcher to cross-tabulate how 
data is coded. The output of Matrix query reflected the number of coding references for the 
aforementioned sub-categories for each group (i.e. Computing and Engineering). This 
output provided a basis for determining the strength of a data connection and enabling 
cross-category comparison as noted by Jackson and Bazeley “The numeric output of a 
Crosstab or Matrix coding query provides a basis for comparative pattern analysis where it 
can be seen how often different groups reported a particular experiences or attitudes” 
(2019, p. 144). The results of Matrix coding query helped to identify the main themes and 
thus the major factors that influence students’ study choice for each group (Competing and 
Engineering) as reported and discussed in the next chapter (Chapter 4, section 4.3). 
This chapter discussed in details the chosen research design (Explanatory sequential mixed 
methods) which required a two- phases approach to collect, analyse, and integrate research 
data. The next chapter presents the results from quantitative and quantitative phases. The 
next chapter starts with an overview of the research subjects’ demographics, their 
respective engagements in STEM-related activities and programs and their engagement’s 
characteristic such as frequency and location. In addition, the next chapter provides a 
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summary of the main findings from both phases. The chapter concludes with a detailed 
discussion of the main findings while addressing the research questions and associated 























This study examined several factors that influence students’ decision to enrol in Computing 
or Engineering degrees. In particular, this study investigated the relationships between 
students’ exposures to STEM activities and their Computer Self-Efficacy by testing the 
research sub question. This study applied mixed methods approach which allows for 
sequential explanatory research through both quantitative and qualitative data collection 
and analysis (Creswell & Plano Clark, 2011) as discussed in Chapter 3. The purpose of this 
chapter is to report the findings from this study. The findings were discussed and presented 
as follows: 
1. Quantitative phase results. 
2. Qualitative phase results. 
3. Results interpretation, a discussion that specifies how the qualitative results help to 
explain and expand the quantitative results. 
The chapter concludes with a detailed discussion on the main findings.  
4.2 Quantitative Phase Results  
The main objective of the quantitative phase was to test the quantitative research sub 
question, by examining the relationship between students’ participation in previous STEM-
related activities before enrolling at the university and their Computer Self-Efficacy. In 
addition, this phase aimed to examine other factors that influence  students study decision 
such as social persuasion and vicarious experiences. Data were collected through survey 
then analysed following the procedures described in Chapter 3, section 3.6. The results of 




 Demographic Analysis 
The 133 responses were distributed across degrees, gender, and age groups as follows:  The 
respondents were classified according to their degrees into two groups: Engineering and 
Computing students. 72(54%) respondents were enrolled in a Computing degree, and 61 
(46%) respondents in an Engineering degree. Of the 72 respondents who enrolled in 
Computing related majors, 48(66.7%) were male, 23(31.9%) were female, and 1 (1.4%) was 
other. Of the 61 respondents who enrolled in an Engineering related majors, 47(77%) were 
male and 14(23%) were female. The majority of participants from the age group 18-24 years 
old in both degrees. The gender and age demographic characteristic of the sample are 
shown in Table 4.2 below.  Most of the respondents with a Computing degree specialized in 
Information and Communication Technology (43.1%), Computer Science (34.7%), and 
Information Systems (11.1%), while the major predominant disciplines in the Engineering 
sample were Engineering (37.3%) and Construction Management (26.2%). The main 
demographic characteristics of the Computing and Engineering degrees and correspondence 
response rate are shown in Tables 4.3 and 4.4 below. For ease of reference, respondents 
registered in the disciplines related to Computing are referred to as "Computing 
















This study infers that the more exposure to a previous STEM experience, the more it will 
contribute to a students’ Computer Self-Efficacy, which consequently influenced students’ 
choices of studies. Therefore, to test the research sub-question “Do Computing and 
Engineering Students who participated in STEM-related activities have a higher Computer 
Self-Efficacy than those who didn’t participate?”, an independent samples t-test was 
performed to compare the Computer Self-Efficacy scores (dependent variable) for 
respondents who participated in STEM-related activities and those who did not 
(independent variable) for respondents in both degrees. Independent t-test was utilised as 
an inferential statistical test that determines whether there is a statistically significant 
difference between the means in two independent samples. For this study, the t-test 
significance level was 0.05. The t-test was performed for each Computing and Engineering 
sample separately. For the Computing sample, the outcome variable (CSE) was found to be 
normally distributed and equal variances were assumed based upon results of Levene’s test 
(F= 0.15, p = 0.7). There was no significant difference in CSE scores for Computing 
respondents who participated in STEM-related activities (M=7.45, SD=1.5) and Computing 
respondents who did not participated in STEM activities (M=7.06, SD=1.65, t (70) =0.98, 
p=0.33, two tailed). The magnitude of the difference in the means was (mean difference= -
0.39, 95%CI: -1.16, 0.39).  
In regards to Engineering sample independent t-test results, the outcome variable (CSE) was 
found to be normally distributed and equal variances were assumed based upon results of 
Levene’s test (F= 0.19, p = 0.66). There was a significant difference in CSE scores for 
Engineering students who participated in STEM-related activities (M=7.77, SD=1.45) and 
Engineering students who did not participated in STEM-related activities (M=6.65, SD=1.68, 




true to me” and one equal to “not at all true to me”. After that, the responses were sorted 
by degree, and means were calculated for each statement (see Tables 4.11). 
As reported in Table 4.11 Computing and Engineering participants rated statement “My own 
desire to purse a Computing/ Engineering major” as the most influential factor (M = 7.96 for 
Computing respondents, and M= 7.64 for Engineering respondents), followed by “better 
employment opportunities”. Interestingly, Computing respondents rated the factor 
“attending a computer focused activities before university enrolment” as third factor 
effecting their enrolment in their current degrees with (M= 6.03), while Engineering 
respondents rated “being like my role model” as the third factor (M=3.77) that influenced 
their study decision.  
Both Computing and Engineering respondents rated the statements “Parents/Family 
encouraged me to study Computing/ Engineering” and “Teacher encouraged me to study 
Computing/ Engineering” as a forth, and fifth factors respectively that affect their study 
decisions. Engineering respondents rated “attending a computer focused activities before 
university enrolment” as the sixth contributor to influencing enrolment decision.  
School/ university counsellor factor was rated as the six factors for Computing respondents 
(M= 3.12) and seventh factor for Engineering respondents (M= 2.67). Notably, statements 
“My mother or father work in STEM field” and “I want to be with my friend(s) who studying 
Computing/ Engineering” rated as the lowest influencing factors by the Computing and 










Participants recognised the impact of participation in STEM activities on their decisions to 
enrol in Computing or Engineering degrees. For instance, one Computing participant 
described her experience during the orientation day and how this experience influenced her 
decision to enrol in Computer Science major, she said “I chose to enrol in a Computer 
Science because in year 12, I went to a lot of orientation days and Computer Science stood 
out the most to me”. 
Another Engineering participant shared his experience in 3D printing and how this activity 
influenced his decision to study Mechatronics he stated, “I was introduced to the world of 
3D printing and from there it formed, I could say, an addiction to the 3D printing so working 
from one machine to another building my own until I thought why don’t I just pursue a 
degree or a career in this field where I will learn further on how these machines work, on 
how they utilise coding, on the components, and everything, and how everything  comes 
together to create a product that works and make things look easier, so when I found about 
Mechatronics with no hesitation I applied for it and enrolled”. 
 Social Persuasion  
Both Computing and Engineering participants revealed that they received social persuasion 
messages from their parents and teachers. These messages included persuasive 
communication, evaluative feedback, and encouragements and discouragement messages. 
Results showed that in total Engineering participants received more persuasion messages 
than Computing participants as presented in Figure 4.3 below. The following sections 
discuss the results of each source of verbal persuasion (parent, teacher, and school advisor) 
and how these messages affected students' choice to study Computing or Engineering as 




Electrical Engineering in University, and my dad is a Network Administrator and really did 
not want to do anything with a Computer. I just wanted to do an Ancient History, and I just 
thought because I have grown up with the knowledge and information I thought it would be 
best to combine the two and do Information System”. 
4.3.2.2 Teachers 
The results showed that teachers were often the primary sources of verbal persuasion, 
among other sources. Participants indicated that they were receiving encouragement 
messages from their teachers to major in STEM disciplines. Participants also shared that 
these verbal messages affected their interests and how they felt or thought about STEM 
fields. For instance, two participants explained how teachers influenced them to think about 
pursuing studies in STEM. An Engineering participant mentioned “My physics and chemistry 
teachers were always supportive and they said you can make a living if you complete 
something in those fields and support yourself ”. Another participant who majored in 
Information System said “My year 10 ICT teacher, in one of our last lesson said, I hope you 
do something in IT ”. 
Another Engineering participant excited about 3D printing explained how he used to meet 
regularly with his teachers during  the breaks and talk about his education interests. He 
mentioned “I spent my time with teachers, my lunch and recess breaks, and free periods. I 
would sit with them and we would discuss about whatever comes to mind, so I was doing 
wood work at that time, but the main thing that kept coming in conversations was Computer 
and machine computation, mills, lasers and printing”. The same participant shared a 
message from his teacher and how this message affected him to think about pursuing an 
Engineering studies, he stated “I had a teacher which was not really an Engineer but he did 
say in the world there are five main job types  he said to me the first important job types 
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would be a scientist they gathered information, then the engineers used that information to 
make ways to help and then it is the roles of doctors to come after the engineers and then 
teachers and then farmers, so these are the main jobs in the world. From there, I realised I 
should really pursue something to do with Engineering”.  
4.3.2.3 School/ Career Advisors 
Findings indicate that the verbal persuasion from school or career advisors was not 
presented in participant’s experiences widely. However, one participant shared how his 
school advisor was unable to fulfil his needs when he sought advice about unit selection in 
year 10, he stated “In the first school I went to the careers advisor she came out at the end 
of year 10 where I was supposed to choose our units for year 11 and 12. […...]. She was more 
like I don’t know what to do exactly but I want to follow this path [……] she didn’t give me 
any inspiration or whatever to form an idea of what I wanted to do”. 
4.3.2.4 Friends  
Verbal persuasion from fiends did not show in the participants’ experiences. 
 
 Vicarious Experiences (Social modelling)  
Focus group participants shared different vicarious experiences, these experiences helped 
participants to observe other social STEM model experiences and thus, increase students’ 
interest in STEM. Focus group participants experienced social modelling in two ways: actual- 
modelling, and symbolic modelling as shown in Figure 4.4. Results showed that Engineering 
participants had been involved in social modelling experiences more than Computing 
participants, and these involvements were represented in particular by observing individuals 
through social media and other types of technology like emails (symbolic modelling). To 




participant recalled that her school shared via email some of the female success stories and 
experiences in STEM and this helped her to increase awareness about STEM field, she 
revealed “So they were [the school] sending emails and stuff for girls who did work in IT or 
something like that so that’s how I got to know it [STEM field] a bit better”. 
In regards to the actual modelling, multiple participants stated the benefit they had of 
having the guest speakers from diverse professions, and how that helped them to see the 
connections between coursework and potential career options. One participant recalled 
“School invited some people from the university to give a talk at the school, so when I was in 
the school they invited someone to give talk form university about robots and the  
computing, and explain the  ‘ robotics team’, and how they are the leading university in 
terms of robot soccer. They showed how important it is for students to think critically and 
utilise analytics so they can participate in such competitions”. 
Yet another participant commented, “I think there were programs that went from school to 
school, my school the year below got a solar car professional come in and talk about that”.  
Another computing participant explained how observing her sister while she was doing a 
computer-related project encouraged her more to choose to study a computing course in 
year 12, she stated “My sister once did a project that involved coding and she said that she 
had a lot of fun it was very frustrating for her but after having finished her project she was 






 Physiological States 
The physiological states and feelings source was also instrumental for influencing the 
development of students’ interests in STEM especially when positive feelings came from 
students being successful with previous practices or experiences. To illustrate, focus group 
participants revealed various physiological feelings while sharing their previous mastery and 
vicarious experiences, as participants sometimes expressed positive emotional reactions, 
such as excitement or enthusiasm, and at other times, they conveyed negative emotional 
reactions, such as fear, tenseness, or stressful situations. 
Some participants expressed a sense of satisfaction with happiness when they were 
performing a course related to Computing, for one participant these feelings came from her 
passion of mathematics that helped her understand the course and then chooses to enrol in 
a Computing degree, she stated “It [Software Design And Development course] was a course 
in year 12 and year 11 and I really enjoyed it, I understood it because I love math,  so that’s 
why I chose to study a Computing degree”. 
On the other hand, the participants revealed negative emotional reactions that affected 
their participation in STEM-related activities. For example, a student revealed that he did 
not participate in the open day because of his fear of participation, he said “I have been to 
two career expos at our school, I have always asking about History courses and other 
universities as I was interested in, but last one they cancelled one of the courses, Hellenic 
studies, so I thought my entire course is gone and I have to find something else, so I 
researched the internet for Information System but I heard about the open day yet I was too 
afraid to go”.  
An Engineering student revealed that a part of choosing and pursing Engineering as a major 
was the positive feeling of excitement he would feel by making and improving things, he 
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stated “I would say the element of excitement when you look at Frankenstein and his 
mastery  you know ‘ it’s alive’, when you make a machine and it does what you tell it to, that 
is what give you a sense of self- accomplishment. I made something that’s working the 
machine and it works how I want it to work. And this something exciting driving you to 
improve it”. 
 Personal Desire and Goal Orientation     
Another factor that appeared to affect students’ enrolment in Computing and Engineering 
degrees was a personal desire and goal orientation. This factor represented participant’s 
desire to develop new skills, learn new things, and understand and successfully achieve the 
outcome of the mastery experiences they engaged in with. These participants also set goals 
that provide momentum for their choices and actions. Some participants revealed that they 
chose to enrol in Computing or Engineering because their aim is to help people, make a 
difference, and influence the world. For instance, a Computing participant mentioned that 
he decided to major in networking to solve and help people in network related issues, he 
stated “I just really want to help people like someone who says,… my Internet browser is not 
working, so I come, sit down and fix it. That’s the main reasons why I want to do this and do 
it with the smile ”. 
Another participant explained that he chose to specialise in Biomedical Engineering because 
he wanted to make something different that change people lives for the better, he said “I 
want to make an impact on the world, for me, I want to make Biomedical devices, I want to 
change individuals lives”. 
Another participant shared that the learning environments in the workplaces motivated him 
to think about pursuing a career in Engineering field, he stated “I think what motivates me is 
the ability to continue to learn as you progress into your career. You are not going to setting 
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there doing the same job, day and day up doing exactly the same things every day. In a 
technology field, you will be learning, applying the skills using the problem solving skills each 
and every day”. 
 School Encouragement of STEM Education  
Based on the findings, school encouragement to involve students in STEM education was 
the fifth factor that influences student interest in STEM after Bandura’s four sources of self-
efficacy. This factor appeared to affect the participants’ experiences with STEM positively 
and negatively and based on the data affects the Engineering participant more than the 
participants in Computing as shown in Table 4.12 in section 4.3. To illustrate, when 
participants were asked ‘How did they perceive STEM activities when they were in high 
school and what did they think could help students while they are still at high school to find 
out more about the exciting roles in Computing / Engineering fields? ’, most of the 
participants stressed the school’s role in encouraging STEM education, by providing 
students with proper STEM equipment’s and resources, promoting STEM activities among 
students, and building the positive environment where students can understand and 
recognise the STEM potentials. 
4.3.6.1  Availability of STEM Resources 
Some of the participants in the focus group indicated that the availability of STEM resources 
encouraged them to experiment or participate in STEM-related activities, and the lack of 
these resources reduced their interest in STEM content knowledge. For example, an 
Engineering participant mentioned how his physics teacher was eager to make STEM 
equipment available to all students, helping students obtain experience that was previously 
lost, he stated “In year 12, I got a new Physics teacher and she brought new robotics 
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equipment’s, and new physics equipment. She wants to make sure that all students have 
access to the STEM resources, she also used every opportunity to make sure that students 
are get involved and are learning and developing their self interest in STEM activities. Before 
she came along there was always talk of STEM but there wasn’t much actually hands on 
work or doing anything with STEM concepts”. 
Another participant indicated that the lack of STEM resources and materials had negatively 
affect his STEM experience in school. He revealed that he had an unpleasant experience 
with ‘Lego technique’ activity, reasoning that to the lack of resources and the inadequate  
conditions of the materials, he stated: “We were doing robotics with  Lego, it was fun to an 
extend  anything like this, but I didn’t enjoy it because the teacher didn’t give it time to teach 
us. Inadequate resources also contributed to this. I was however intrigued when I had an 
opportunity to use a 3D printer at school”. 
4.3.6.2  Promoting STEM Activities and Programs 
Participants pointed out several STEM activities that were implemented across several 
school grade levels, and recognized the importance of school’s role in building and 
facilitating early interventions and access to these programs for all students. For example, 
an Engineering participant said when asked what schools can do to inform more students 
about STEM field “I think, it would be good to have a program were they can send STEM 
related experts into the school and demonstrate what they do, and so you have more 
personal connection with the actual field itself, instead of seeing it on piece of paper what it 
is doing”.  Another Computing participant commented on the importance of promoting 
these activities between students and encouraging students to join, she stated: “We did 
have a robotics club and I think it was introduced in year 10 but it was not really like 
advertised that much in our school, so only like a couple of students from my year did it but I 
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never did it”. The same student commented on the importance of bringing these activities 
and the information related to STEM at the right time to the students, especially when 
student need to make decisions about their course selection for their High School 
Certificate. 
 Teacher views to STEM Learning  
Participant revealed that some teachers viewed that majoring in STEM is only related to 
students who demonstrate good abilities and achievements in Mathematics. This view 
negatively reflects on students who were considering majoring in STEM. For example, a 
female student recalled uneasy feelings that were associated with some teachers' views of 
STEM, especially about how the teacher showed female participation in STEM classes, she 
stated:  “I feel like in my school it [STEM] is perceived to be only for those who really like 
maths and who are really good at it, not really for anyone else and I feel like teachers have 
that mindset as well, for my physics teacher he kind of gave up on girls because there are 
only four of us in the class. It was very difficult because it’s frustrating that you want to try 
hard and they are not letting you”. 
4.4 Quantitative and Qualitative Interpretation 
As the sequential explanatory mixed methods approach suggests, findings from both 
qualitative and quantitative phases are interpreted to determine how the qualitative results 
help explain and expand the quantitative results to answer the research questions (i.e. in 
what ways do the qualitative results support the quantitative results and vice versa?).  This 
section discusses the last phase of the research design where the quantitative and 
qualitative results were compared and synthesised and the results were disseminated for 
each of the following research questions as mentioned earlier in Chapter 3, Figure 3.2. 
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 Research question 1 
  How does the previous exposure to STEM-related activities influence students’ Computer 
 Self-Efficacy among Computing and Engineering students? 
 Sub question: Do Computing and Engineering Students who participated in 
STEM-related activities have a higher Computer Self-Efficacy than those who 
didn’t participate? 
To answer the first research question, an independent t-test was performed to test the 
research sub question and examine whether Computing and Engineering students who had 
participated in previous STEM-related activities reported higher levels of Computer self-
efficacy than those who did not. The quantitative results showed significant differences in 
Computer Self-Efficacy scores between Engineering students who had participated in 
previous STEM activities, and students who did not participate. On the other hand, results 
showed no significant difference in CSE scores for Computing students who participated in 
previous STEM-related activities and Computing students who did not participate in STEM 
activities before enrolling at university. The qualitative results supported the quantitative 
results and showed that the previous experience in STEM influences the Engineering 
student's choice to enrol in Engineering degrees more than Computing students as 
discussed in section 4.3.1. It is notable that the quantitative results showed that the 
majority of STEM-related activities that Engineering students participated in were computer 
work experience and STEM fairs and competitions. These kinds of activities were usually 
performed outside the school, which explains why 55.6% answered that they participated in 
STEM-related activities outside the school, such as university (33.3%), or organization 
(16.7%). Additionally, the results showed that 25% of Engineering students were doing these 
activities almost every day. On the other side, results from survey showed that 66.7% of 
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Computing students joined  STEM-related activities that operated in formal learning 
environments like school, such as, computer courses (33.3%). This discovery is positively 
correlated to the findings from the focus groups where all participants revealed they joined 
computer related courses, such as information and communication technology and software 
development and designs. Survey results showed that about 35% of computing students 
had participated in such activities once a week.    
 
Research Question 2 
What are the main factors that influence students’ decision to enrol in Computing or 
Engineering degrees? 
The quantitative results found that the two main factors influencing student’s enrolment 
decisions in Computing and Engineering degrees were having a desire to pursue a 
Computing/ Engineering majors and the student’s belief that these majors are providing 
better employment opportunities. The qualitative findings revealed that study decisions are 
affected by students’ personal motivations and goals. It is also seen as students' desire to 
develop new skills, learn new things, and set pathways for their future career.  
The quantitative results showed that the third influential factors for Engineering students is 
social modelling and students desire to be like ‘a role model’. The qualitative results were 
consistent with the quantitative results and showed that social modelling (Vicarious 
experience) was a third most influencing factor and that overall Engineering students 
participated in more social modelling experiences (71%) than Computing students (29%). 
These results are particularly noted when students observed people’s experiences through 
social media (Symbolic modelling). 
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Computing students rated the statement “previous experience in computer- related 
activities” as the third factor affecting their study choices. While this experiences somewhat 
influenced student’s choices it was not found to affect students’ confidence in their 
computing abilities as the independent t-test‘s result suggested.   
The quantitative results found that student’s in both degrees ranked parent’s/family 
encouragement factor in close proximity to the teacher’s encouragement factor as 
presented in section 4.2.4. Likewise, the focus group results indicated that Computing 
students received persuasive communications, feedback, and encouragement from the 
family and the teacher at roughly the same rate. However, qualitative results showed that 
verbal persuasion from teachers affected  Engineering student's decisions to enrol in a STEM 
degree more than parental encouragement. In addition, quantitative results showed that 
the social persuasion from parent / family was not related to a parent's work in a STEM field 
as students from both degrees reported “having parent work in STEM field” as nearly the 
least influential factor. 
 Quantitative results showed that encouragement from school or university counsellors was 
rated as the sixth factor by Computing students and seventh factor by Engineering students. 
Engineering and Computing students ranked the influence of a friend as the least 
influencing factor in their decision. Similarly, qualitative findings indicated that the verbal 
persuasion from school or career advisors, or friend was not presented in Computing and 
Engineering student’s experiences widely. 
Although the physiological state was not measured in the survey, as the study’s participants 
need to provide responses that depend on their abilities to recall past feeling and emotional 
reaction, the focus group students revealed that there were some emotional reactions and 
feelings that were beneficial for influencing them to develop an interest in STEM, such as 
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excitement and enthusiasm feelings related to students desire to help people, make a 
difference, and influence the world. In addition, some students revealed positive and 
negative emotional feelings while sharing their previous mastery and vicarious experiences, 
these feelings were more noted in Engineering students as they reported more engagement 
in social and vicarious experiences than Computing students.  
 
Research Question 3 
What are the emerging factors that influence students' decisions to enrol in Computing or 
Engineering degrees? 
Qualitative findings revealed emerging factors that tend to influence student’s choice and 
interest in STEM field.  Results indicate that high school’s encouragement to involve 
students in STEM education plays a critical role in increasing student's interest and 
involvement in STEM activities and the STEM field in general. Focus group students stressed 
that as a part of the school’s role in encouraging STEM education it is essential for the STEM 
equipment’s and resources to be provided so STEM activities across grade levels can be 
implemented, and student provided with an ongoing support in at different academic 
stages. This way students would be able to progressively learn and understand and realize 
the potentials of STEM.  
Other factors that emerged from the qualitative results were student perceptions of how 
teacher’s show STEM learning. In particular, from the student’s perspective results showed 
that teachers viewed majoring in STEM to be only related to students who demonstrated 
good abilities and achievements in mathematics. This view negatively reflects on students 
who considered majoring in STEM. 
89 
 
4.5 Discussion  
Encouraging students to pursue STEM degrees in higher education institutions has become 
an important goal internationally and in Australia. Based on Social Cognitive Theory, this 
study examined several factors that affect students’ decision to enrol in Computing or 
Engineering degrees. In particular, this study investigated the relationships between 
students’ exposure to STEM activities prior to their enrolments to university and their 
Computer Self-Efficacy through mixed methods design. While this relationship was 
examined in limited previous studies, this study not only examined this relationship but also 
examined the variance between two samples from the STEM cohort; undergraduate 
Computing and Engineering students. Moreover, this study examined other personal and 
environmental factors with the aim to understand to what extent these factors influence 
student’s decisions. Several key findings emerged from this research discussed below.  
The first finding suggested a medium to strong link between participation in previous STEM 
related- activities and programs and students’ Computer Self-Efficacy beliefs and thus their 
interest to pursue further study in Engineering fields. This finding validates the importance 
of Self-Efficacy on student’s choices and the importance of Social Cognitive Theory. From a 
theoretical perspective, this finding is aligned to Bandura's (1986) theory supporting that 
past experience, especially those related to unfamiliar tasks, are most important 
determinant of Self-Efficacy beliefs. This finding supports the findings from previous 
literature (Fantz et al., 2011; Magana et al., 2016; Robert et al., 2018). However, the result 
of this study also found no significant difference in CSE scores for Computing students who 
participated in STEM-related activities and those who did not participated. The researcher 
argues that this variation is due to the type of activities and the frequency of activities that 
Engineering and Computing students participated in prior to them enrolling in university. To 
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elaborate, findings found that computer work experiences and STEM competitions 
operating in informal learning environments were the most dominant types of activities that 
Engineering students participated in, whereas Computing students were more involved in 
activities and programs that were conducted in regular classroom settings as computer 
courses. These results suggest that the STEM-related activities operating in the informal 
learning environments often have a greater impact on students' perceptions and self-
efficacy beliefs (Robert et al., 2018). Indeed, the focus group participants articulated that 
they really enjoyed doing the hands-on tasks because that is how they learn and become 
motivated. For instance, an Engineering participants revealed “I was introduced to the world 
of 3D printing and from there, it formed, I could say, an addiction to the 3D printing. So 
working from one machine to another, building my own, until I thought why don’t I just 
pursue a degree or a career in this field, where I will learn further on how these machines 
work, and how everything is come together”. Likewise, Sahin et al. (2014) explained that 
student’s preferred after-school program activities over their regular classroom activities 
because they can engage in open-ended activities. These activities let them solve uncertain 
problems with more freedom and flexibility in groups, and also provide them with 
opportunities to acquire problem solving skills (Sahin et al., 2014).  
In addition, the researcher argues that the frequency of activities that Engineering and 
Computing students participated in prior to enrolling in university resulted in the Computer 
Self-Efficacy variation between Computing and Engineering students. To illustrate, the 
results found that the highest percentage of Engineering students were participating every 
day in STEM-related activities, while 37% of Computing students only joined the activity 
once a week. In addition, results showed that at least 75% of students who engaged in 
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STEM-related activities before enrolling from both degrees received  social encouragements 
messages from their teachers, parents, and friends to participate in STEM-related activities.  
Second, in regards to the most influential factors that affect Computing and Engineering 
students’ decisions to enrol in STEM degrees, results indicate that student’s intention 
(desire) and better employment opportunities were the first two reasons which tend to 
influence both Computing and Engineering students’ decision. These two reasons 
represented in students' desire to develop new skills, learn new things, and set goals for 
their future career. Self-motivation and own desire could be a result of natural ability, 
feeling, talent for Engineering or Computing (Zeldin et al., 2008). These results may be 
interpreted as students beliefs  in their abilities and skills to overcome any obstacles in their 
study to accomplish their future career goal. Similarly, Bahar and Adiguzel (2016) found that 
the most influential factor for American students to pursue study was self-motivation 
(naturally inclined). Another significant factor that was found to have an impact on 
Computing and Engineering students’ study decisions was social modelling. Reasonably, the  
influence of social modelling was found more in Engineering students’ as they were more 
involved in real-life Technology or Engineering experiences which often involved direct 
contact with the role models and experts in the field. This result confirms the findings 
described in Chapter 2 (Goh et al., 2007; Lamers & Mason, 2018; Moos & Azevedo, 2009). 
This result stresses on the importance of providing appropriate role models in Engineering 
and Computing fields during the school years. Indeed, Lamers and Mason (2018) pointed 
out earlier that positive role models, such as people who have made achievements in STEM 
fields, are likely to motivate others into similar roles.  
Forth, the results indicate that social persuasion especially from parents and teachers was 
another important contributor that impacted enrolment decision. This was also supported 
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by the previous studies (Dawes et al., 2015; Harwell & Houston, 2012; Srisupawong et al., 
2019; Tomaszewski et al., 2017; YouthInsight, 2019). In addition, in parallel with the results 
of Harwell and Houston (2012), this study found that the parent’s impact was not related to 
the parents who work in STEM field or not.   
Finally, an emerging qualitative finding that influences students' decisions is the extent to 
which high school encourages STEM education. Focus group students emphasized the 
school's role in encouraging STEM education by providing students with appropriate STEM 
resources, promoting and implementing STEM activities across multiple grade levels, and 
providing students with continuous information and support at various academic stages, so 
that student can understand and realise the potential of STEM knowledge and skills at an 
early stage of their education. This early understanding of the STEM areas can develop an 
early interest and confidence in future participation in STEM activities and programs.  
Another emerging finding was student perceptions of how teacher’s show STEM learning, 
and how the teacher's view of STEM major is only relating to students who demonstrated 
high abilities in math. This is found sending a negative message to students who are 
considering majoring in STEM. Zeldin et al. (2008) acknowledged that “teachers should pay 
as much attention to students’ perceptions of competence as to actual competence, as it is 
these perceptions that may more accurately predict students’ motivation and achievement” 
(p. 1055). Zeldin et al. (2008) emphasized the importance on the role schools and teachers 







This chapter presented the main results from both, quantitative and qualitative research 
phases. The chapter concludes with a detailed discussion on the main findings of the study. 
The next chapter presents the conclusion remarks, and elaborates upon research 





 Conclusion, Future Research, and Limitations 
 
5.1 Introduction 
This chapter provides a final conclusion to the main research findings discussed.  
Recommendations and future works are then proposed for further studies. Finally, the 
chapter concludes with the study limitation. 
5.2 Conclusion 
The main objective of this study was to determine the role prior STEM experiences have on 
the Engineering and Computing students' self-beliefs and their future study choices. In 
addition, this study objected to get a better understanding of the main factors that 
influence student’s decision to enrol in Engineering or Computing degrees.  Studying such 
factors by comparing two STEM cohorts provided the information on the potential 
similarities and differences. The results from this study suggest that STEM-related activities 
and programs especially the ones that run in informal learning settings are able to increase 
student’s computer self-efficacy and thus their interest in engaging in future Engineering 
studies. This study further shows that for these programs and activities to have a full effect 
they need to have several specific elements. To elaborate, STEM-related activities and 
programs need to be combined with the real-life experiences where students can engage in 
practical experiences and solve real-world problems while being mentored by the industry 
professionals and also receiving the immediate feedback from the activities facilitators. 
These for example could be programs that provide practical experiences in the computer 
programming, electronics, or robotics and are conducted by industry representatives or the 
academics as a part of the extra-curricular or after-school or holiday activities. Additionally, 
results highlighted the importance of providing the students with a direct contact to the 
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experts and industry professionals.  Furthermore, as a part of these engagements it was 
seen to be important to showcases the professionals, particularly the industry 
representatives, who have made the achievements in their respected fields; particularly in 
this case Engineering or Computing. Such social modelling is seen to be more likely to 
stimulate and influence students’ further study decisions in Computing or Engineering.  
5.3 Recommendations  
The findings from this research recommend measuring and considering the frequency of the 
student’s participation in each STEM activity when evaluating and analysing the 
relationships between the students’ Computer Self-Efficacy and their choice behaviours. In 
addition, findings illustrate the importance of having continuous long-term evaluations for 
the initiatives that were implemented to enhance STEM learning. This is particularly 
important for those targeting school students, local communities and families that provide 
STEM learning in either informal or semi-informal learning environments (camps, and 
science/STEM fairs and competitions). Detailed future evaluations of the STEM programs 
will help policymakers to identify initiatives that achieve better results and redirect the 
funds spent on underperforming initiatives to other programs with better results. 
Moreover, this information will help schools and teachers make informed decision when 
implementing, designing, or modifying future STEM activities and programs and choosing 






5.4 Future Studies   
While this study is important in highlighting students' perceptions of how participation in an 
informal STEM learning environment fosters their interest in studying Engineering. Future 
works looking into a deeper analysis of students’ engagement with STEM-related activities 
and interest in Computing future studies is still needed. Additionally, more research is 
needed to examine the lasting impacts participation in these types of learning may have on 
students' future Computing and Engineering majoring patterns.  
5.5 Limitations 
Several limitations are present within this study. First, study data were collected from a 
single institution. For generalizability in the future it would be best to collect data from the 
multiple institutions. Second, another limitation of this study may be contributed to a 
number of participants involved, that was particularly apparent in the qualitative phase 
because of COVID-19 pandemic and health restrictions as discussed in Chapter 3, section 
3.7.2.  It is recommended further studies have a wider scope and include a wide cohort as 
the participants.  Nonetheless, it is expected that the study findings may shed light on the 
potentials of STEM-activities and programs in fostering student's interest in Engineering and 
Computing studies. Thess study findings provide indications of the effectiveness of STEM- 
activities and programs operating in the informal learning environments. Finally, it would be 
recommended for the future studies to include specific Computing and Engineering job roles 
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Appendix A: The broad, narrow, and detailed fields of education for 
Information Technology and Engineering and Related Technologies 
(Australian Bureau of Statistics, 2001). 
INFORMATION TECHNOLOGY 
0201 COMPUTER SCIENCE 
020101 Formal Language Theory 
020103 Programming 
020105 Computational Theory 
020107 Compiler Construction 
020109 Algorithms 
020111 Data Structures 
020113 Networks and Communications 
020115 Computer Graphics 
020117 Operating Systems 
020119 Artificial Intelligence 
020199 Computer Science, n.e.c. 
0203 INFORMATION SYSTEMS 
020301 Conceptual Modelling 
020303 Database Management 
020305 Systems Analysis and Design 
020307 Decision Support Systems 
020399 Information Systems, n.e.c. 
0299 OTHER INFORMATION TECHNOLOGY 
029901 Security Science 
029999 Information Technology, n.e.c. 
 
ENGINEERING AND RELATED TECHNOLOGIES 
0301 MANUFACTURING ENGINEERING AND TECHNOLOGY 
030101 Manufacturing Engineering 
030103 Printing 
030105 Textile Making 
030107 Garment Making 
030109 Footwear Making 
030111 Wood Machining and Turning 
030113 Cabinet Making 
030115 Furniture Upholstery and Renovation 
030117 Furniture Polishing 
030199 Manufacturing Engineering and Technology, n.e.c. 
0303 PROCESS AND RESOURCES ENGINEERING 
030301 Chemical Engineering 
030303 Mining Engineering 
030305 Materials Engineering 
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030307 Food Processing Technology 
030399 Process and Resources Engineering, n.e.c. 
030399 Process and Resources Engineering, n.e.c. 
0305 AUTOMOTIVE ENGINEERING AND TECHNOLOGY 
030501 Automotive Engineering 
030503 Vehicle Mechanics 
030505 Automotive Electrics and Electronics 
030507 Automotive Vehicle Refinishing 
030509 Automotive Body Construction 
030511 Panel Beating 
030513 Upholstery and Vehicle Trimming 
030515 Automotive Vehicle Operations 
030599 Automotive Engineering and Technology, n.e.c. 
0307 MECHANICAL AND INDUSTRIAL ENGINEERING AND TECHNOLOGY 
030701 Mechanical Engineering 
030703 Industrial Engineering 
030705 Toolmaking 
030707 Metal Fitting, Turning and Machining 
030709 Sheetmetal Working 
030711 Boilermaking and Welding 
030713 Metal Casting and Patternmaking 
030715 Precision Metalworking 
030717 Plant and Machine Operations 
030799 Mechanical and Industrial Engineering and Technology, n.e.c. 
0309 CIVIL ENGINEERING 
030901 Construction Engineering 
030903 Structural Engineering 
030905 Building Services Engineering 
030907 Water and Sanitary Engineering 
030909 Transport Engineering 
030911 Geotechnical Engineering 
030913 Ocean Engineering 
030999 Civil Engineering, n.e.c. 
0311 GEOMATIC ENGINEERING 
031101 Surveying 
031103 Mapping Science 
031199 Geomatic Engineering, n.e.c. 
0313 ELECTRICAL AND ELECTRONIC ENGINEERING AND TECHNOLOGY 
031301 Electrical Engineering 
031303 Electronic Engineering 
031305 Computer Engineering 
031307 Communications Technologies 
031309 Communications Equipment Installation and Maintenance 
031311 Powerline Installation and Maintenance 
031313 Electrical Fitting, Electrical Mechanics 
031315 Refrigeration and Air Conditioning Mechanics 
031317 Electronic Equipment Servicing 
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031399 Electrical and Electronic Engineering and Technology, n.e.c. 
0315   AEROSPACE ENGINEERING AND TECHNOLOGY 
031501 Aerospace Engineering 
031503 Aircraft Maintenance Engineering 
031505 Aircraft Operation 
031507 Air Traffic Control 
031599 Aerospace Engineering and Technology, n.e.c. 
0317 MARITIME ENGINEERING AND TECHNOLOGY 
031701 Maritime Engineering 
031703 Marine Construction 
031705 Marine Craft Operation 
031799 Maritime Engineering and Technology, n.e.c. 
0399 OTHER ENGINEERING AND RELATED TECHNOLOGIES 
039901 Environmental Engineering 
039903 Biomedical Engineering 
039905 Fire Technology 
039907 Rail Operations 
039909 Cleaning 






































Appendix F: Descriptive analysis for independent and dependent variables for 
both Computing and Engineering Cohort. 
 
Descriptive statistics were performed between the dependent variable (Computer self-
efficacy) and the independent variable (previous participation in STEM-related activities) as 
a first step to verify the state of normal distribution. The descriptive statistics included the 
mean, standard deviation, skewness, and kurtosis of the Computing and Engineering cohort, 
as seen in Table F-1 and Table F-2, respectively.  
 
Table F-1: Descriptive statistics between the CSE and previous participation in STEM-related 




Table F-2: Descriptive statistics between the CSE and previous participation in STEM-related       
                                           activities variables for Engineering cohort  
 
 
As a second step, a side by side box plots graph was generated between the dependent 
variable (Computer self-efficacy) and independent variable (previous participation in STEM-
related activities) to verify the normality of the distribution and outliers of the Computing 





Appendix G: Focus Group Questions 
 
1. Why did you choose to enrol in a Computing/ Engineering degree? Did you consider 
any other area of study? If so, which one?  
 
2. Was there a certain moment when you decided that this was the right area of study 
for you? 
a. Was there a particular person (parent/ teacher/ friend) who influenced your 
decision? 
b.  Has Social media had a role in your decision making? 
c.  Have you had a pervious STEM experience, if so which one?  
 
3. Did you participate in previous STEM activities at school or other location before 
enrolling into your current degree? (such as coding competition, Robotics club, 
industry experience) 
a. If you were engaged in any STEM activities, how were you informed about 
them? 
b. What did you like/dislike about these activities?  
 
 
4. Thinking back to your high school days, how did you at that time perceive STEM 
activities? What do you think could help students while they are still at high school to 
find out more about the exciting roles in Computing / Engineering fields? 
 
5. How do you think current high school students could be informed about the extra    
curricula STEM activities?  
 
6. How would you expect high school students to find out about the Computing / 
Engineering events i.e. via education institutions, industry, media, government?  
 
7. What motivates you to pursue a career in Computing/Engineering?  
 
8. Have you made/ or ever considered to make connections with industry before 
graduation? Why? and how? 
 
9. Have you decided in which area of Computing / Engineering you would like to    
specialise, once you graduate and if so why?  Ex. software engineer, software tester, 
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